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PEEFACE. 



I WISH to teach you the Outlines of Chemistky, 
for it is an extremely interesting and important 
science. 

If you are attentive to my instructions, you will 
soon learn many facts that will help you in your 
other studies, and also enable you to understand the 
conversation of your elders and superiors in know- 
ledge; for subjects connected with Chemistry are 
very frequently mentioned in familiar discourse. 

Perhaps you have heard or read something about 
the science of Chemistry, and think that it must be 
a very difficult study; this is only because you have 
not learned its principles, or outlines ; and you might 
just as well think that a book must be very difficult, 
or a conversation very dull, because you do not know 
the alphabet and the forms of expression of the lan- 
guage in which the book is written, and the conver- 
sation conducted. 

b2 



IV PBEFACE. 

It is tnie that Chemistry becomes a difficult study 
if it be pursued into all its bearings and applications, 
because it includes an accurate examination of the 
nature and components of every production of the 
globe, and therefore requires a long and active life 
to be entirely devoted to the purpose; and even 
then, after all diligence and attention, a vast number 
of things would still remain unknown. 

The most talented chemist, who devotes the whole 
of his time and attention to the study of Chemistiy, 
does not know the ftdl extent of the science — he is 
learning more and more every day. This laboriously 
acquired knowledge he does not keep to himself, but 
endeavours in every possible way to communicate to 
others, so that it may become generally useftil in the 
advancement of the happiness and comfort of man- 
kind. 

But the mere Outlines of Chemistry you may 
easily learn, although you may never become a 
chemist ; just the same as you may easily leam the 
outlines of astronomy, although you may never 
become an astronomer; and if you diligently and 
correctly gain this general knowledge, you will soon 
discover its interest and value, in whatever station 
of life it may be your lot to be placed. 



PREFACE. V 

I shall set you easy lessons; but remember that 
you must learn one lesson perfectly before you pro- 
ceed to another; because I shall ask you questions 
about them all, from time to time, to see that you 
really do understand them; and if I find that you 
do not, you must go over them again and again; 
and thus, although your progress may be slow, it 
will have the advantage of being certain : and I 
hope that you will begin the study of Chemistry 
with willingness and pleasure. 
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OUTLINES OF CHEMISTRY. 



I. INTRODUCTION. 

1 The ancients were acquainted with six metals, 
namely, Gold, Silver, Copper, Iron, Tin, and Lead. 

2 Some learned men suppose that the ancients 
knew how to change Copper, Iron, Tin, and Lead, 
into Gold and Silver. 

3 No proof exists that the ancients knew any 
such thing. 

4 The first mention of an art by which Copper, 
Iron, Tin, and Lead might be changed into Gold and 
Silver, is found in the writings of Geber, a learned 
Arabian, who lived in the seventh century. 

5 It was then imagined that the six metals 
known to the ancients were all naturally made of 
the same materials, and that such materials were 
pure or perfect in Gold and Silver, but impure or 
imperfect in Copper, Iron, Tin, and Lead, and this 
was supposed to account for all the difference in the 
appearance and properties of the metals. 

6 If the four metals. Copper, Iron, Tin, and Lead, 
were thoroughly cleansed or purified by art, it was 
expected that they would immediately change into 
Gold and Silver. 

7 The substance, or material, for cleansing or 
purifying the four metals. Copper, Iron, Tin, and 
Lead, was to be named the Philosopher's Stone. 

8 Copper, Iron, Tin, and Lead, are called common 
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metals, because th^y are plentiM and cheap. Gold 
and Silver are called precious metals, because they 
are scarce and valuable. 

9 The process of changing the common metals 
into the precious metals was called Transmutation. 

10 The word Transmutation is derived firom the 
Latin words trans, across, and muto, to change. 

11 The art of making the Philosophers Stone, 
and of causing the Transmutation of metals, was 
called Alchemy, and the men who worked upon it 
were called Alchemists. 

1 2 The word Alchemy is derived from the Arabic 
words aly meaning the, and ke^na, meaning dark or 
secret. 

13 The word Alchemy, therefore, signifies the 
dark or secret art; and the word Alchemists, of 
course, signifies the workers, or the practisers of the 
dark or secret art. 

14 The word Alchemy not only signifies that a 
secret was to be discovered^ but that the operations 
for discovering the secret were to be kept in 
mysteiy. 

15 The first Alchemists were Arabian sages, who 
lived during the time of Geber, in the seventh 
century. 

10 The Alchemists collected all kinds of ores, 
minerals, earths, salts, animal and vegetable sub- 
stances, thinking that some of these might be forced 
to yield, or united to make, the Philosopher's 
Stone. 

17 The Alchemists constructed a great variety of 

earthen and glass vessels of curious shapes and 

different sizes, for holding the materials upon which 

hey worked; they also built furnaces and ovens for 
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heating them either fiercely or gently, for great hope 
was entertained that fire would force out, or make, 
the Philosopher's Stone. 

18 The Alchemists also extracted and composed 
very powerful liquids, which would not only dis- 
solve ores^ minercds, earths, salts, animal and vege- 
table substances, but even all the six metals. 

19 These contrivances and arrangements were 
denoted by the title of Apparatus, which is derived 
from the Latin, apparo, to prepare. 

20 The building or apartment in which the appa- 
ratus was placed and operations conducted was called 
the Laboratory, a term derived from the Latin word 
labor, denoting to work. 

21 The operations upon the .various materials 
were called Experiments, a term derived from the 
Latin word experior, signifying to try. 

22 These three terms, namely, Apparatus, Labora- 
tory, and Experiments, very probably were not used 
at the commencement of- Alchemy, but were intro- 
duced at a later date. 

23 For many years the art of Alchemy was only 
known and practised in Arabia, but at length its 
principles were brought into Europe by the first 
Crusaders, upon their return fix)m the Holy Land. 

24 Spain was the first European coimtry in 
which Alchemy was practised, but it quickly spread 
throughout the whole continent, and was incessantly 
followed up with great toil and labour, from the 
time of its introduction to the end of the sixteenth 
century. 

25 Hundreds of books were written, pretending 
to teach the secrets of Alchemy, but the language 
was such a collection of hard words, riddles, and 



12 IXTBOiDUOTIOKi 

piLssles, iiha^. uobody oould undenstandits meaning, 
excepting the writers. 

26 These books on Alchemy contain ingenious ai-- 
guments that Transmutation could be performed, and 
formal testimonials from persons who said that they 
had actually performed it, or had seen it performed. 

27 Such persons either deceived themaelveSy or 
were deceiyed by others, or else they signed their 
names to wil^ falsehoods, for the sake of being 
thought extremely clever. 

28 Although thousands and tens of thousands of 
experiments of every kind were made by fire and 
liquids upon the common metals, they could not be 
cleansed, or changed into the precious metals. 

29 It is certain that Transmutation was never 
performed, although Alchemy was practised for 
upwards of eight hundred years. 

30 True Alchemists, who firmly believed that 
Transmutation might be performed, sp^it their lives 
and fortunes in experiments, and generally died iu 
disease and poverty. 

31 False Alchemists, who believed no such thing, 
gained a comfortable living by making sham experi- 
ments for rich people who coveted to become licher, 
and offering to sell them the secret of making the 
Philosopher's Stone, and to instruct them in per- 
forming Transmutation for a certaiu sum of gold. 

32 It appears wonderfully strange, but it is per- 
fectly true, that such offers met with eager purchasers 
amongst the rich and avaricious. 

33 If one man had the secret of making as much 
Gold as he liked, he had no cause to sell the secret to 
another man for a purse of money. 



INTfMHDU0T1M)fNl 18 

34 Thei^efore, y^rhen the isAae deaigndng (Alehemist 
asked the rich and ayaricious nuui for* nioae(7, it 
should have been a direct proof to hhn that there 
was no secret to be sold; but as he did not see this^ 
his conduct proved the truth of the proverb that 
" Avarice makes men blind." 

35 In the reign of Henry the Fourth aU ranks 
of society became Alchemists; and so many splendid 
fortune were lost, and so many persons were rained 
by their folly in experiments upon Transmutation, 
that the practice of Alchemy was forbidden by an 
act of Parliament. 

36 But things were so wonderfully changed in 
the reign of Henry the Sixth, that four letters patent 
were issued for encouraging the art of Alchemy, and 
dispensing with all former statutes and prohibitions 
to the contrary. 

3 7 Although numbers of true and false Alchemists 
crowded forward to obey these commands, the coffers 
of the monarch were never enriched with a single 
grain of gold or silver made by the process of 
Transmutation. 

38 The true Alchemists had a ciuious notion 
regarding gold, for as they found it to be an ex- 
tremely durable metal, they thought that it might 
be made into a medicine which, if taken in a proper 
quantity, would confer durability upon the human 
body, or prolong life to any extent. 

39 This golden medicine was called the Elixir of 
Life, but it did not engage so much attention as 
Transmutation, and it was quite abandoned upon the 
death of an Alchemist who impiously boasted that he 
held a vial of it in his liand. 
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40 The Alchemists discovered that gold might 
be dissolved; or rendered as liquid to water, and then 
they tried to make a substance that would dissolve 
everything ; this substance they called the Universal 
Solvent. 

41 They could not make the Universal Solvent, 
for, as it was to dissolve all things, it would of course 
dissolve their apparatus. 

42 The three objects of Alchemy — namely, Trans- 
mutation, the Elixir of Life, and the Universal Sol- 
vent, were never accomplished, and at length the 
sad experience of repeated failm^ in all experiments 
convinced the Alchemists that their labour was 
utterly useless; therefore Alchemy was generally 
abandoned at the commencement of the seventeenth 
century. 

43 During the vast number of years in which 
Alchemy was practised, the Alchemists discovered 
many wonderful things, but as these had no direct 
connexion with the three objects, they were passed 
aside, as of little or no value. 

44 The Philosophers of the seventeenth century 
began an examination of the neglected relics of Al- 
chemy, and soon discovered that many of them might 
be rendered serviceable as medicines, and others for 
the improvement of the arts and manufactures. 

45 They wrote accoimts of their investigations in 
plain language, arranged them into regular form and 
order, and earnestly endeavoiu'ed to point out that 
mankind would derive much benefit from the appli- 
cation of these new &cts and materials to various 
useful purposes. 
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II. ORIGIN OF CHEMISTRY. 

46 These writings, arraugesaents and ckssifioa- 
tions of facts and materials laid the foundation <^ 
a science called Chenxifitry. 

47 The following curious-looking character^ 
namely, x»'?*A'>^»*>"> ^^^ Greek letters, and when 
they are placed together without the commas, as 
thus : — \Y)^iia, they form a word, which English 
letters represent as thus : — Chemeia, 

48 In the writings of some Greek authors, of the 
eleventh century, the word xti^uia {chemeia) is 
used to denote the art of makmg gold, so that its 
meaning was precisely the same as the Arabic word 
Alchemy. 

49 The true derivation, or, as a grammarian 
would say, the true root, of the word chemeia has 
not been clearly and satis&ctorily discovered. 

50 Some learned men think that chemeia is 
derived from chemia, one of the ancient names of 
Egypt, in which country the art of making gold was 
originally attempted. 

5 1 Others think that the root of the word chemeia 
is the Coptic word chema, which means obscure, dark, 
or secret. 

52 Others, again, imagine that the root of the 
word chemeia is the Greek word chyw/oa, which means 
a juice, or a liquid, 

53 If the word cliemia be taken as the root of 
the word cheTneia, it simply means that the art was 
of Egyptian origin. 

54 If the word cheine be taken as the root of the 
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word ekemday it then denotes an obscure, dai*k, or 
secret art. 

55 It is now well known that all experimental 
attempts to make gold by transmutation were con- 
ducted in obscurity and secrecy, and the word 
chemeia may not oidy refer to this, but also to the 
enigma of changing a lump of lead into a limip of 
gold. 

56 If the word ckymoB be taken as the root of 
the word cltemeuiy it then denotes that a juice or 
liquid was employed in the attempts to make gold, 
and it is well known that more than one powerful 
juice or liquid was employed to assist in the 
work. 

57 Some other words have been proposed as roots 
of the word chemeia, but those I have now men- 
tioned are most probably correct. 

58 If we adopt either chemia or cJiema as the root 
of chemeia, and wish to express it as an English 
word, we write it thus : — Chemistry. • 

59 If we adopt chymoa as the root of chemeia, and 
wish to express it as an English word, we write it 
thus : — Chymistry. 

60 It is of very little consequence how you 
spell the word, but of very great importance for you 
to remember that it no longer denotes the ancient 
and delusive art of making gold, for it is the 
distinctive title of a modem science of experiments 
upon the properties and components of all natural 
and artificial productions. 

61 Such being the case, the Science cannot be 
defined in a few words, but a general notion of its 
objects, tendency, and applications, may be gained 
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from an attentive study of the e&ming pa^^ of tbese 
Outlines of Chemistry. 

62 In the first placey then, Chemistry is a science 
which teaches us that there are many suhstanees 
called Principles, Kudiments, or Elemdnts* 

63 In th^ language of Chemistry, these three 
words all signify the same thing, or are ayrumymimSf 
therefore, it hardly matters which of them we 
employ, but I think that we shall find the word 
JSlements the most convenient for our purpose. 

64 Well, then, Chemistry teaches us that these 
Elements are not Eire, Air, Earth, and Water, whi^h 
are often called the four elements in some school 
boo£:s, and also in £similiar conversation, but are 
totally different things, both in properties and num- 
ber, as I shall fully explain to you in due time. 

65 Chemistry teaches us that these Elements can 
tmite or combine with each other in various ways, 
and that by so imiting or combining with each other, 
ihey make or produce Compoimds. 

66 Chemistry teaches us that Compounds con- 
taining two, three, ov mpre Elements, can in their 
turn unite or combine with each other, and by thus 
imiting or combining with each other, they make 
or produce other Compounds. 

67 When two, three, or more Elements unite or 
combine with each other, they make or produce what 
is called a Primary Compound. 

68 When two, three, or more Primary Compounxis 
unite or combine with each other, they make or 
produce what is called a Secondary Compound. 

6 9 The terms Primary, Secondary, and Compound 
are derived from the Latin words, primus, meaning 

c 
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Jlrst'; secwndus; meaning second, and compans, to 
place together. 

70 Chemistry teaches us various methods of 
separating all known Compounds into their Elements, 
and of presenting these in their original states. 

71 Chemistry teaches us the laws which govern 
these primaiy and secondary combinations, and their 
separation into their elements, and the eocact v^ghts 
in which all combinations and separations take 
place. 

72 Lastly, Chemistry teaches us how all such 
knowledge m^y be employed in assisting the expla- 
nation of many wonderful changes that are always 
occurring throughout nature, and in contributing to 
the progress of the sciences and arts. 

III. DEFINITION OF ELEMENTS AND 

COMPOUNDS. 

7 3 The term Element will frequently occur through- 
out these Outlines of Chemistry, and therefore I shall 
endeavour to explain the sense in which it is to be 
understood. 

74 We are all well acquainted with the naetal 
Lead : How is Lead made ? of what is Lead made ? of 
what things does Lead consist ? 

75 Although this may appear a very simple 
question, it cannot be answered, even by a Chemist ; 
let him perform thousands of experiments upon the 
metal Lead, these will only alter or disguise its pro- 
perties ; and not discover to him the two or more 
things of which the metal may consist* 



' 76 A Chemist is bound by the exact laws of his 
science to depend upon the /acts that are disclosed 
by Bscp6rimen6Sy and to draw conclusions onl^ fix^m 
them^ and he must not indulge in speculation or 
guess-work concerning the substance under exami> 
nation; if he did so, he would directly fall back into 
the condition of an Alchemist. 

77 A Chemist, therefore, is obliged to confess his 
inability to tell of what things the metal Lead con- 
sists, and to be content with calling it an ElemerU, 

78 In the language of Chemistry, the term Ele- 
ment is used to denote a mbstance which has not 
been eocperimentaUy proved to contain other tubstcmces, 
or to be mctde of other svbstcmces; and such is the 
case with the metal Lead. 

79 There is a substance called Litharge; it is 
well known to house-painters, who employ it for 
mixing with their oil colours; it is a heavy powder, 
of a light brown colour, and looking very much like 
dry powdered clay ; the question is of what two or 
more things does this Litharge consist ? 

80 The Chemist endeavours to answer this question 
by making a nmnber of experiments upon Litharge, 
and he soon ascertains that he can prove it to con- 
sist of tfvo substances, he therefore does not call it 
an Elementy but he calls it a Compound. 

81 One of the substances of which Litharge con- 
sistB is the heavy metal Lead ; the other is a light 
invisible aeriform substance called Oxygen, for a 
reason that I shall veiy soon mention. 

83 It is a most extraordinary fact, that heavy, 
solid, brilliant Lead, and Ught, invisible, aeriform Oxy- 
gen should constitute the clay-coloured powder called 

c 2 
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litharge j but the OhemiBt cbes aot rest content 
with this discoveiy, he immediately endeavours to 
ascertain of what substances the Oxygen consists. 

83 The Chemist discovers that aeriform and invi- 
sible Oxygen can be weighed and measured, with nearly 
the same facility as the solid metal Lead ; but it cannot 
be parted or divided into two or more substances by 
lm/ezperimen^ and aa in this particular it agxe^ 
with Lead, he is obliged to call Oxyg^i an Elemi^it. 

84 The operation of discovering the Elements of 
Litharge, or of any other Compound, is called Ana- 
lysis, a term derived from the Greek words anoy 
signifying thor<yughlf/, or hmk to Us soti/rces, and 
hw, signifying to loosen, or tmbind, 

85 The term Analysis is very expressive, for in 
Litharge the Elements Lead and Oxygen were united, 
or bound together, and are now loosened, or un- 
bound, each coming forth in its original or pure 
state, and resisting all attempts at frirther analysis. 

86 In other words. Lead and Oxygen are the 
sources from whence Litharge is mcuie or produaed, 

87 It is of the utmost importance for you to 
remember that the operation of Analysis lU>ercUe8 
or educes Elements that ctctvaUy eosist in a Gompound, 
a/nd that it does not make or produce them by the 
introduction of the agents which afire employed dtMring 
the eoGperiments. 

88 The Chemist discovers that the Elements which 
are thus educed by analysis will again unite, so that 
the Compound may be produced. 

89 The operation of uniting Elements and so pro- 
ducing Compounds, is called Synthesis, a term derived 
from the Greek words syn, signifying together, and 
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tiUhemh, signifying to fioioe; it is th^roifofe the exact 
reyerse of Analysis. 

90 The term Litharge is derived from the Greek 
words Uthos, signifying atone, and argv/roSf signi- 
fying sU/oeTy for ancientfy it was thought to contain 
silver ; it does not contain that precious metal^ but 
consists of the Elements Oxygen and Lead ; it is 
therefore called in chemical language, Oxide of Lead, 
a term that has the advantage of directly expressing 
its composition. 

91 Having proceeded thus far, the next questioti 
that presents itself to the Chemist is, how much 
Oxygen fitnd how much Lead combine to produce 
Oxide of Lead % 

92 In all strict experiments a Chemist employs 
most delicate scales and accurate weights; some of 
these weights are so small that you can hardly see 
them, as they are only equal to the one hundredth 
part of a single grain. 

93 . Provided, therefore, with such a beautiful 
apparatus, if the Chemist weigh 112 parts of Oxide 
of Lead, and then proceed to anafyse such weight 
of the compound, he educes from it 8 parts by 
weight of Oxygen, and 104 parts by weight of 
Lead. 

94 If the Chemist repeat the analysis of a similar 
weight of oxide of lead again and again, he will 
invariably obtain the same result. 

95 When the Chemist thus works by weight, in 
order to ascertaiti quantities, he is said to perform 
Quantitative experiments^ or, mote commonly, Quan< 
titative analysis. 

90 When the Chemist works only with the view of 
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asoertaining the propeorties or qualitcies of a substance, 
without reference to the weight of its elements^ he 
is said to perform Qualitative experiments, or, more 
commonly, Qualitative analysis. 

97 There is a substance well known by the name 
of White Lead. It is a dry, heavy, white powder, 
which is often ground into a thick white paste with 
linseed oil, for the use of house-painters and decora- 
tive artists ; the question presents itself to a Chemist; 
of what things does dry white lead consist] is it an 
Element, like the metal Lead, or is it a Compound, 
like Litharge 1 

98 The Chemist soon discovers that he can 
analyse White lead, and can educe from it Litharge, 
or Oxide of Lead, and an invisible vapour called Car- 
bonic Acid, for a reason that I shall soon mention, 
and he accordingly concludes that White Lead is not 
an Element, but a Compound. 

99 Having obtained this result, the Chemist next 
proceeds to place the Oxide of Lead and the Carbonic 
Acid together^ and finds that these two substances 
will immediately unite> and make or produce White 
Lead. 

100 The Chemist discovers that 134 parts by 
weight of White Lead by analysis yield 22 parts by 
weight of Carbonic Acid, and 112 parts by weight of 
Oxide of Lead, and that by synthesis these weights 
unite to produce again 134 parts of White Lead. 

101 Thus, by suoalysis and by synthesis, finding 
White Lead to consist of Carbonic Acid and Oxide of 
Lead, he denotes the constitution or the formation 
of the Compound by the term Carbonate of Oxide of 
Lead. 
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102 But at this stage of inquiry arises another 
question — is Carbonic Acid an Element, or is it a 
Compound? 

1 03 The operation of analysis discloses the curious 
£Ekct that Carbonic Acid is not an Element, but is a 
Compound of the element Oxygen, and another ele- 
ment called Carbon. 

104 The term Oxygen is derived from the Greek 
words 0QCU8, meaning acidy and gennao, I generate, 

105 The term Carbon is derived from the Latin 
word carbo, signifying cliarcoal. 

106 When Oxygen combines with Carbon, an acid, 
or sour compound, is generated or formed, which 
acid, or sour compound, in consequence of consisting 
of Oxygen and Carbon, is called Carbonic Acid, to 
denote its composition. 

107 Remember particularly that the element 
Oxygen does not invariably generate or form adds, 
when it combines with other elements, because it 
frequently .produces compoimds which are 7iot acid; 
as, for example, when it combines with Lead, to 
produce Oxide of lead, which has no acid property ; 
other examples of this feet will soon be presented. 

108 Oxygen was discovered when the science of 
Chemistry was in its infancy, and as it was foimd to 
produce many acids, it was hastily supposed to be 
the only or the universal producer of acids, or the 
absolute acidifying principle, and therefore, in ac- 
cordance with such supposition, it gained the name 
by which it is now commonly known. 

109 I said (81) that Oxygen was an invisible 
aeriform substance, but, in the true language of Che- 
mistry; I now tell you that it is called a Gas. 



24 DEPINmON OF ELBMENTS ANU COMK)Tnn)S. 

110 The term Gets is dwived from the German 
word geis6, signifying spirit, and is not excliisirely 
used to denote oxygen, but every other acoifbrm sub- 
stance which differs in its tictttal natiire from the air 
that "We brfeathe i proTided that such sabstance never 
changes by intense cold into the form of a liquid or 
a solid. 

111 I said (98) that Carbonic acid "was an in- 
visible Vapour; and this term, derived from the 
Latin word vapor, is used in the language of Che- 
mistry to denote aU aeriform substances that differ 
in actual nature from the air that we breathe, and 
that do change by intense cold either into the form 
of liquids or solids. 

112 Thus, for example, steam is a vapour; if it 
be cooled it becomes liquid water, and if this be 
farther cooled it becomes solid ice. 

118 The distinction between Gb» and Vapour 
may be thus stated : a Gas is a thin aeriform sub- 
stance, either elementary or compound, which resists 
condensation ; a Vapour is a thin aeriform substance, 
either elementary or compound, which cannot resist 
condensation. 

114 The term Condensation is derived from the 
Latin word condejuo, signifying to thicken. 

115 A gas cannot be condensed or thickened, to 
assume either a liquid or solid state, but a vapour 
can be condensed or thickened to assume either 
state. 

116 The Chemist discovers that Carbonic Acid 
consists of 16 parts by weight of Oxygen, and 6 
parts by weight of Carbon ; and that in sach 
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weights by syntheBis tiiese elements combine to pro- 
duce 22 parts by weight of Carbonic Acid. 

117 But the Chemist cannot discover of what two 
or more things Carbon consists, for it resists all ath 
tempts at analysis ; and therefore, as in the case of 
Lead and Oxygen, he is compelled to call Carbon an 
Element. 

118 Although Carbonic Acid and Oxide of Lead 
are both compound substances, in chemical lan< 
guage they are often called Proximate elements ; the 
term proximate being derived from the Latin word 
proxinmsj meaning nearest, or wearf, because, during 
the analysis of White lead, they are nearest to the 
hands of the experimenter, or are the Jtrat things 
that are educed; and if he then place them together, 
they will at the first cont€ict combine, and re-produce 
"White lead, or Carbonate of oxide of lead. 

119 Carbonic acid and Oxide of lead, although 
caUed Proximate elements, as I have just stated, 
admit of analysis, which educes from them Oxygen, 
Carbon, and Lead; but these three substances do not 
admit of farther analysis, and are therefore called 
Ultimate elements; the term idtimate is derived 
fit)m the Latin word, uUimuSf signifying last, or 
uttermost, because they are the kut educts of 
analysis. 

1 20 The Proximate elements of White lead, then, 
are Carbonic acid and Oxide of lead, but its Ultimate 
elements are Carbon, Oxygen, and Lead. 

131 By analytical experiments, conducted with 
the greatest possible skill and accuracy, the Chemist 
discovers the important &MSt, that Elements unite 
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and produce Campounds^ and that componnds, in 
their turn, unite, and produce other Compounds. 

122 Oxide of lead is a primary compound. Car- 
bonic acid is a primary compound; these combine, 
and produce Carbonate of Oxide of lead, which is a 
secondary compound. 

123 When elements or compounds combine, they 
are said to have affinity for each other ; the term 
affinity is derived from the Latin words cbd, signifying 
to, eoid Jlnis, a boti/nda/ry. 

124 The term affinity is not used in its literal 
sense, but in a figurative sense, to convey the idea 
that substances, although having different, or, it may 
be, opposite, properties, can manifest certain attach- 
ments or preferences for each other, and are thus 
induced to combine and produce new substances. 

125 By the various operations of analysis, no less 
than fifiy-six substances can be educec^ which do 
not admit of farther analysis, or, in other words, of 
whose composition the Chemist knows nothing j and 
he is accordingly obliged to distinguish them by the 
title of Ultimate Elements. 

126 Most of these are solids, others are either 
liquids, gases, or va^ixyurs; they can all be weighed, 
and are therefore often called Ponderable elements : 
the term ponderable being derived from the Latin 
word pondus, signifying weight. 

127 There are three extremely subtle princi- 
ples, or Elements, called Light, Heat, and Electricity, 
which cannot be weighed : these are called Impon- 
derable elements, yet they exert wonderftd power 
and influence over the states and combinations of the 
ponderable elements. 
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126 Obemistiy teaches us to draw the condusion, 
that by the mutual combmcUian, and in some few 
cases, by the mutual adinistibwre of the ponderable 
elements, in certain or definUe umgkia, we are 
presented with all natural and artificial substances, 
so that its study is of vast extent, and its objects are 
inexhaustible. 

129 Chemistry, unlike Alchemy, has no selfish or 
avaricious tendency; on the contrary, it has most 
intimate connexion with the wel&ure of all mankind, 
teaching, as it does, the applications of the products 
of the Creation to thousands of useful purposes. 

1 30 Chemistry is exact in all its processes, certain 
in aU its results, severe in aU its reasonings, extensive 
in all its views, firmly established upon experiment, 
so that, in fact, there is no human occupation which 
it does not enlighten and improve. 

131 Bearing in mind the conditions under which 
the term Element is employed in Chemistry — namely, 
to denote a substance which has not been analysed, 
we may proceed to enimierate the Fifby-six Elements, 
and examine the origin of the names by which they 
ai*e distinguished. 

132 I shall first present you with an alphabetical 
list of the Elements; the Iq/l hand of the list con> 
tains the names, and the right hand the usual 
manner of pronouncing them. 



lY. ALPHABETICAL LIST OF ELEMENTS, 
AND PRONXTNCIATION OF THEIR 

NAMES. 

1. Almnimun, pronounced Alu'minum. 

2. Antimony ...... Anti'mony. 

3. Arsenicum Ar'senicum. 

i. Barium Ba'rium. 

5. Bismuth Bis'muth. 

6. Boron Bo'ron. 

7. Bromine. Bro'mine. 

8. Cadmium Oad'mium. 

9. Calcium .....;. OaFsium. 

10. Carbon Carlbon. 

11. Cerium See'rium. 

12. Chlorine * Clo'rine. 

13. Chromium Gro'mium. 

14. Cobalt ....... CoOyalt. 

15. Columbium ..;... Colum'bium. 

16. Copper * . Copp'er. 

17. Didymium Didi'mium. 

18. Fluorine .- . Fleiro'rine. 

19. Glucinxun Glu'oinum. 

20. Gold Gold. 

21. Hydrogen Hidro'jen. 

22. Iodine lo'dine. 

23. Iridium Irid'ium. 

24. Iron I'ron. 

25. Lantanum Lanta^num. 

26. Lead Led. 

27. Lithium Lithi^um. 
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2d. Magnesium pronounced Magnee'sium. 

29. Manganesium Mauganee'sium. 

30. Mercfuiy. ...... Mercu'ry. 

31. Molybdenum Molib'denum. 

32. Nickel Nickle. 

33. Nitrogen NiteWjen. 

34. Osmium Os'mium. 

35. Oxygen Oxi'jen. 

36» Palladium Palla'dium. 

37. Phosphorus Fos'foz^^us. 

38. Platinum Platti'num. 

39. Potassium Potas'ium. 

40. Bhodium Bode'ium. 

41. Selenium Seelee'nium. 

42. Silioium SyWsyum. 

43. Silver SilVer. 

44. Sodium Sode'ium. 

45. Strontium Stronti'um. 

46. Sulphur Sul'fur. 

47. Tellurium Tellu'rium. 

48. Tborinum Thori*num. 

49. Tin Tin. 

50. Titanium Tita'nium. 

51. Tungstenum Tungs'tenimi. 

52. Vanadium Yana'dium. 

53. Uranium Ura'nium. 

54. Yttrium ItVrium. 

55. Zinc Zink. 

56. Zircomum ...*.. Zir'couium. 

134 I shall now proceed to enumerate the £le- 
m^its individually, to explain in what forms they 
occuT; and to give you the derivation of the names 
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by which they are denoted ; for I dare say many of 
them appear to you as very mysterious and -diffi- 
cult. 

V. NATURE OF THE ELEMEITOS, AND 
DERIVATIONS OF THEIR NAMES. 

135 I. Aluminum, a metcU, educed from da^, the 
Latin name of which being (Uumenf becomes the root 
of the word Aluminum, which denotes the metcU 
of day; for clay is not an earth as it is commonly 
supposed to be, but ia a natural or native compound 
of oxygen gas and the metal aluminum, or, chemically 
speaking, clay is a metallic oxide. 

136 II. Antimony, a metal, sometimes found na- 
turally pure or native; but is more frequently educed 
artificially from its native combinations called ores. 
The term Antimony is derived from the Greek 
words anti, signifying a^gamst or hostile to, and monoSf 
one or aoVUa/ry, and was conferred upon the metal on 
accoimt of several WAmka having been poisoned with 
its preparations, before its strength as a medicine was 
accurately determined. 

137 III. Absenicum, a metal, artificially educed 
from its natural combinations by analytical processes ; 
the term Arsenicum is derived from the Greek word 
arsenicon, signifying powerful, and was given to the 
metal on account of the extremely poisonous proper- 
ties of all its compoimds. 

138 lY. Barium, a tmUxI, educed from a heavy 
mineral called baryta, from the Greek word haros, 
signifying weiglU, hence the derivation of the term 
Barium to denote the metal, which, when oom- 
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billed with oxygen, constitutes baryta or oxide of 
barium. 

139 V. BiSMtJTH, a nietalf sometimes found na- 
tive, but generally educed fix)m its ores. The name 
Bismuth is probably derived firom the Gkrman words 
toeiss, signifying white, and miUh, mother, as it was 
formerly supposed to give birth to the precious metal 
silver. 

140 VI. Boron, a non-metaUic combustible solid, 
educed from a natural substance called borax, the 
name of which is derived from the Arabic word bu- 
Tvk, signifying brUlicmt, hence the derivation of the 
term Boron. 

141 VII. Bromine, a non-mstallic incondmstiMe 
liquid, educed from sea-water, eminently poisonous, 
and having a disagreeable odour; the term Bromine 
alludes to this, and is derived from the Greek word 
brom^os, signifying a stench, 

142 VIII. Cadmium, a meted, educed from a mi- 
neral anciently called cadmia by the Greeks. 

143 IX. Calcium, a meted, educed from Lime, the 
Latin name of which is codx; this becomes the root 
of the term Codciv/m, to denote the metal of lime ; 
for although lime is familiarfy called an earth, it is 
chemically a compound of oxygen and calcium, or a 
metallic oxide. 

144 X. CARBOif, a nonrm>etcdlic solid comhtistihle, 
which constitutes the greater part of the well-known 
substance charcoal; the root of the woi*d carbon is the 
Latin word carbo, signifying coal or charcoal. 

145 XL Cerium, a metal, educed from a scaixie 
mineral, and is thus named in honour of the planet 
which is distinguished by the title of Ceres. 



vapour J ^ducod ^•lu commoix aalt^ eKttioiaely poi* 
soDoiuay aod q£ a .gremisk jfdlpw coknu:^ to da&ote 
which the element is called Chiome, a teem dariyed 
&caa the Qre^k word a^doras, sigxufyiug ^fisn. 

147 XIII. Chromium, a m^cU, eduised from, an 
ore, and thu«i xi^med from the Greek wcoid c/iroma, 
signifying colour, on account of the many colours afir 
siimed by its compounds. 

148 XIV. Cobalt, q, metcU, educed from its na- 
tural i^mppimds or ores, and thus named from Ko- 
bold or Cobalusy a sprite that was superstitiou^ly 
imagined to haunt certain mines, and cause a^ much 
perplexity to the operations of miners, as the metal 
caused to chemists before its nature was fully ascer- 
tained 

14D XY. CoiiUMBiUM, a metcU, educed from a^ case 
discovered in America^ and thus named from the 
word (Mun^ncL, by which that continent is some- 
times designated. 

100 XYI. CoppGB, a rnetal, often found native, 
but was anciently educed from its ores in the isl&^d 
of GypruSy from which circumstance the name of 
Copper is derived. 

151 XYII. DiDYMiUMy a metal, educed from 
some of its combinations; its name is d^ved from 
the Greek word didumos, sig^ying tmn», on account 
of its twrn-like resemblance to another metal 

152 XYIli. l^hVOBiiS^a non-metaUic incamivs- 
t/ible vapour, which is supposed to exist u^Jkior spar, 
a substance thus namLe4 f^coju the I^atin word Jluo, 
aigaifymg to JIqw pr to mdt, pi^ accoimt of its piffslt- 
ing readily, whe» fee^ted wiih pthe^ j^pi^ej^ 
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153 XIX. Glccinttm, a iPMiaJlj^ educed fi-om a 
mineral called Glucina, from the Greek word glvkoB^ 
signifying sweet, on account of the sweet taste of 
some of its compounds. 

154 XX. Gold, a metal, found in a native state. 
The derivation of its name is uncertain ; perhaps it 
is from a Hebrew word, signifying to be clear, or to 
shtne. 

155 XXI. Hydrogen, a non-metaUic infiam- 
mable gas, educed from its natural combinations ; and, 
strange to say, when it is burnt, it produces water; 
on this account it is called Hydrogen, the term being 
derived from the Greek words hudor, signifying 
tvater, and gennao, I generate. 

156 XXII. Iodine, a nonr-metallic incombustible 
solid, educed from its natural compounds in sea- 
weeds ; when it is gently heated, it becomes a vapour, 
Imving a splendid violet colour : and on account of 
this distinctive property, the element is named Iodine, 
fh)m the Greek word iodea, signifying violet coloured. 

157 XXIII. Iridium, a metal, educed from its 
native combination with another ; and on account of 
its compounds generally having the colours of the 
rainbow, the metal is called Iridium, in honour of 
the rainbow, which is often styled the iris. 

158 XXIV. Iron, a metal, sparingly foimd na- 
tive, but abundantly educed from its ores ; the deri- 
vation of the name Iron is extremely imcertain ; it 
may be from a Hebrew word, signifying to m^t. 

159 XXV. Lantanum, a meted, educed with 
great difficulty fi'om its combinations, in which it 
remains lurking until powerfully experimented upon; 
to denote this property it is called kmtanum, a term 
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derived from the Greek "wiord lanihafnoj fiignifying 
to conceal ; it is the twin metal to Didymium. 

160 XXYI. Lead^ a mekd, educed aboudaatlj 
from its ores; its name is probably derived from 
the Greek word molybdos, by which the metal was 
anciently denoted. 

161 XXYIL Lithium, a metal, educed from a 
stony mineral named Lithia, thus called from the 
Greek lithos, signifying a stone, hence the name 
lithium, which combined with oxygen produces lithia^ 
or oxide of lithium. 

162 XXVIII. Maqitesium, a ?we^a^, educed fr»om 
the white earthy-looking substance weU known as 
Magnesia, on account of its having been discovered 
at Magnesia in Asia Minor ; but magnesia is not an 
earth, it is a compound of oxygen gas, and the metal 
magnesium, and therefore a metallic oxide. 

163 XXIX. MAXGAinssiUM, a metal, educed 
from an ore called inanganese, probably on account 
of its discovery at Mangana, in the East Indies. 

16^ XXX. Mercury, a metal, distinguished 
fr(HU all other metals <m account of being invariably 
liquid, in temperate climates, but it may be ren- 
dered solid by intense cold ; it also becomes a vapour 
by a moderate he%t ; in allusion to its HqtUdity, and 
quick motions from one vessel to another, it was 
named Mercury, in honour of the planet which re- 
volves the most rapidly around the sun, and on ac- 
count of its volatility, or its fiyisig about, was deemed 
to be the messenger of other metals, as the heathen 
deity Mercury was palled the winged messenger of 
the gods. 

165 XXXL MoLysDSKUM, a 9?)^, educed from 
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its ores, and thus nauied from the Greek word molyh* 
doSy sigmfydug Lead^ for which metal it appears to 
have been originally mistaken. ^ 

166 XXXII. Nickel, a Tnetal, educed from cer* 
tain ores, and called by the Grerman miners kup/er^ 
nickel, si^ifymg false-copper. 

167 XXXIII. Nitrogen, a non-metaMic inconi- 
hustihle gas, educed from the substance called Nitre; 
the term Nitrogen is derived from the Greek words 
nitron, signifying nitre, and gennao, I generate, ber 
cause it produces nitre, 

168 XXXIV. Osmium, a meiaZ, educed from its 
native combroation with Iridium j some of its other 
combinations have a pungent odoin:; the term Osmium 
denotes this, and is derived from the Greek word 
osme, signifying odour, 

169 XXXV. Oxygen, a non-metaMicinconabfM- 
tible gas, having a powerfiil and extensive affinity for 
the preceding, and the following metaUic and non- 
metallic elements; in many cases when it combines 
with these acids are produced; hence it was originally 
termed Oxygen, from the Greek words oxus, signify- 
ing add, and gennao, I generate, 

170 XXXVI. Palladium, a wie^a?, found native, 
and thus named in honour of the planet named afi)er 
the goddess Pallas. 

171 XXXVII. Phosphorus, a non-inetoMic inn 
flmnmaible solid, having the property of shining 

like a glow-worm or a fire-fly in the dark; the 
term alludes to this property, and is derived from 
the Greek words pJios, signifying ligJU, andphero, to 
bear, 

172 XXXVIII. Platinum, a metal, found na- 

d2 



36 . .,>>Tt}ffi.9Fi^H^fi^«M3iSn 



[^ / 



tive: the najnq is eitl?jer ,deri,Ye4 frpw tbe.^wish 
wora plata^ meajung MveVy or fronji the word /?/a^«!«a 
in the same language^ meaning ^ii^Zf silv^^ lor pjar 
tinum bears some resemWance to silver in whiteness. 

173 XXXIX. Potassium, a metdl, educed fssym 
potash; a substance so named on account of its hav- 
ing been originally obtained by burning conimon 
weeds to an ash in iron pots; accordingly, from the 
name potash is derived that of potassium, which, 
when combined with oxygen, produces potash, or, 
chemically speaking, oxide of potassium. 

174 XL. Rhodium, a metcU, found native, the com- 
pounds of which are generally of a rose colour, and 
on this account the metal bears the name of rhodiimi, 
it being derived from the Greek word rhodoti, signi- 
fying a rose. 

175 XLI. Selenium, a noTi-metaUic combustible 
solid, educed from some of its native combinations or 
mixtures ; it is thus named in honour of the moon, 
the Greek name of which luminary is Selene, 

176 XLII. SiLiciUM,^o6a6^y a wie^, but thought 
by some chemists to be a non-metaUic combustible 
solid ; it is educed from flint, the Latin name of 
which is sihx : therefore the term Silicium means 
either the metallic or the non-metallic element of 
flmt, which substance is not an earth, but a compound 
of oxygen and silicium. 

177 XLIII. Silver, a metal, often found native, 
but more frequently educed from its ores : the deri- 
vation of the term Silver is extremely doubtftil j per- 
haps it is from a Hebrew word signifying money^ 
into which silver was coined in the earliest ages, 

178 XLIV. SonjuM, a ??i€^/, educed from ^wfo, a 
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sub^t^ce'iA ttktiifecl, j 6ti kccbtitt ' ot b^fiig obtained 
from thfe asb^ 'of a plknt caHed' the scdsola soda; 
accordingly from the name soda is derived that of 
Sodium, to denote thd metal of soda, fbr soda is a com- 
poimd of oxygen and sodiiun, or a metallic oxide. 

179 XLV. STRONTitJM, a inetcdy educed from a 
mineml discovered at Strontian, in Scotland, and 
named sirontian in honour of its locality ; from this is 
derived the term Strontium, which, combined with 
oxygen, produces the principle of the mineral which 
is an oxide of strontium. 

180 XLVI. BxTLPKVR, a 7io7i-7netaUic in4am7}iahle 
solidj plentiftiUy foimd native and abundantly educed 
from its combinations with metals ; the term Sulphur 
is probably derived from the Arabic language. 

181 XLVII. Tellurium, a metal, educed from 
its combinations, and thus named in honoiu* of the 
Earth, which in Latin is called TeS,us. 

182 XLVin. TnORmuM, a metal, educed from 
its combinations, and thus named in honour of Thor, 
a fabulous deity. 

183 XLIX. Tin, a oiutal, educed from its ores; 
the derivation of its name is imcertain. 

184 L. Titanium^ a meted, educed from its com- 
binations or mixture with other metals, and thus 
named in honour of the Titans of Heathen Mythology. 

1 85 LI. TuNGSTENUM, a Tnetal, educed from a pon- 
detxnis mineral called in the Swedish language 
t-itngstm, signifying heavi/ stone. 

166 LII. tlRAiriUM, a metalf educed from a mi- 
neral, and thus named in honour of the planet 

VrantlB: ' ' ../'.:. 

'. .i>|s^7 VANAt)it;M, a metal, ddubed'^froni a 'mineral, 
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and is thus called in honour of Vanadis, a fabulous 
deity. 

1 88 tilY. Yttrium, a metal, educed from a mine- 
ral found at Ytterby in Sweden, and thus named in 
honour of such locality. 

189 LV. Zinc, a meted, abundantly educed from 
its ores; the term Zinc is supposed to be derived jfrom 
the German word zinken, signifying nails, because 
the metal when melted and dropped into water, fre- 
quently sets into pointed particles resembling some 
kinds of nails. 

190 LVI. Zirconium, a metal, educed from a 
precious mineral called zircon by the Ceylonese, which 
laesns four-cornered, in allusion to its shape : Zirco- 
nium, therefore, means the metal of Zircon, which is 
a metallic oxide. 

YI. CLASSIFICATION OF ELEMENTS. 

191 The greater number of the Elements are 
educed from their natiiral compounds by analytical 
processes ; very few are presented naturally pure. 

192 The names of the Elements which are pre- 
sented naturally pure, or, as it is sometimes called, in 
native state, are. Antimony, Bismuth, Carbon, Copper, 
Gold, Iron, Mercury, PaUadium, Platinimi, Ilho(fium, 
Silver, and Sulphur. 

193 The Jifhy-six Elements admit of arrangement 
or classification into two distinct groups, the first con- 
sisting of the NanrmetaUic, and the second of the Me- 
tallic elements, 

194 Group I. — Three non-metallic Gases — 
namely. Hydrogen, Nitrogen, and Oxygen. 
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195 Two non-meiaHic Vapours — ^namely, Chlorine, 
and probably Fluorine. 

196 One non-metallic Liquid — namely, Bromine. 

197 Six non-metallic Solids — ^namely Boron, Car- 
bon, Iodine, Phosphorus, Selenium, and Sulphur. 

198 Group II. — Forty-four Metals, all Solids 
with the exception of Mercury — ^namely. Aluminum, 
Antimony, Aisenicum, Barium, Bismuth, Cadmium, 
Calcium, Cerium, Chromium, Cobalt, Columbium, 
Copper, Didymium, Gluciuum, Gold, Iridium, Iron, 
Ijantanum, Lead, Lithium, Magnesium, Manganesium, 
Mercury, Molybdenum, Nickel, Osmium, Palladium, 
Platinum, Potassium, Rhodium, Silicium, Silver, So- 
dium, Strontium, Tellurium, Thorimmi, Tin, Tita- 
nium, Tungstenum, Vanadiimi, Uranium, Yttrium, 
Zinc, and Zirconimn. 

199 Many of the Fifty-six elements are so ex- 
tremely rare and unimportant, that their properties 
do not require the attention of a young student of 
the Science of Chemistry; the most important Ele- 
ments are as follow: — 

200 Non-metallic, Bromiue, Carbon, Chlorine, 
Hydrogen, Iodine, Nitrogen, Oxygen, Phosphorus, 
and Sulphur. 

201 Metallic, Aluminum, Antimony, Calcium, 
Copper, Iron, Lead, Magnesium, Manganesium, 
Mercury, Platiaum, Potassium, Silicium, Silver, So- 
dium, and Zinc. 

202 Boron, Carbon, Hydrogen, Phosphorus, Sele- 
nium, and Sidphur are non-metallic Combustible ele- 
ments. 

203 Bromine, Chlorine, Fluorine, Iodine, and Oxy-* 
gen are non-metallic Incombustible elements; but 
they aid the burning of the combustible elements. 
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204 Stm%4peak]|)gyii]ieJMeta])a(ii^coiQbustibl^ 
elements, for the Chemist discovers they will bum 
whea sufficiently heated by certain means iVhich he 
ean command ; but the non-metaUic dement, Kitrogen, 
is not a combustible element, nor will it aid the 
burning of combustible el^nents. 

205 Yow may consider the fifty-six Elements to 
bear the same relation to Compounds as the twenty- 
six letters of the Alphabet bear to the words of the 
English language. 

206 Each word is a compound of two or more 
letters, into which it can be divided ; but the letters 
themselves cannot be farther divided. 

207 Some letters occur in words more frequently 
than others, for example — one or more of the vowek 
a, e, i, o, u, and y, are found in most parts of speech, 
whilst others, as the consonants, j, q, x, and z, enter 
into the constitution of very few words. 

208 Thus, the Elements Oxygen, Hydrogen, Nitro- 
gen, Carbon, Sulphur, and Iron, are found in a great 
niunber of compoimds; whilst Selenium, Bromine, 
Uranium^ and Zirconium, are only found in a very 
few compounds. 

209 The fi%-six Elements may be called The 
Alphabet of Chemistry as a Science, and the different 
compounds ccnrespond to the words which are made 
by the alphabetical letters. 

210 Thus, Litharge is like a word of two letters, 
because it oonsists of the two Elements, Oxygen and 
Laadj White Lead is like a word of three lettei*s, 
because it consists of ihe three Elements, Oxygen, 
Leadi and Carbon* 
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. ^ V'H. BM^tJG^lOSr OF ELEMENTS. 

211 X HAVE stated that very few Elements are 
found n9;turaUy pure or in a simple state, and that 
most of them are educed from, their compounds. I 
shall now endeavour to inform you how two or three 
of them axe thus obtained, in order that you may form 
some''notion of the principles upon which the Chemist 
works with the view of discovering the composition 
of substances. 

212 The Chemist, after long experience, learns that 
certain ponderable and imponderable elements have 
most extraordinary searching powers, and therefore 
he selects these to constitute what may be called his 
detective force, or his class of inquisitorial agents for 
discovering the elementary, or the compoimd nature, 
of the substance which he submits to examination. 

213 If a substance after undergoing every possible 
examination and cross-exandnation, by these agents 
or tests, remain unchanged in its original inherent 
condition, it must be regarded as a pure, simple, or 
Elementary substance. 

214 If a substance during examination or cross- 
examination by these agents or tests, change or swerve 
from its original inherent condition, it must be re- 
garded as containing other things, or as a Compound 
substance. 

215 Whenever the Chemist finds it practicable, 
hje always endeavours to employ the imponderable 
Elements, Heat and Electricity, as agents or tests in 
analysis; because, from their nature, they cannot 
introduce any ponderable matter into the substance 
upon which they are to operate. 
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216 But he cannot invariably employ Heat and 
Electricity as tests ; and, therefore, when compelled 
to use ponderable Elements for the purpose, he, in 
the first place, submits them to a strict scrutiny, in 
order to ascertain their integrity, or freedom from 
adulteration, lest they should iatroduce foreign 
matters into the substance upon which they are to 
operate, and thus lead him to draw erroneous con- 
clusions from his experiments. 

217 A Chemist wishes to ascertain if Water, so 
familiarly called one of the Four Elements, really 
merits that distinctive title. 

218 He knows that Heat is a powerful impon- 
derable agent for producing singular changes in the 
state or condition of many substances. As, for 
example, it will change the metal Lead, from the 
state or condition of a solid into that of a liquid; 
or, in more familiar terms, Heat will melt solid lead. 

219 You may say everybody knows that heat will 
melt lead, that there is nothing wonderful about the 
matter, and that surely it cannot be worth any con- 
sideration by a Chemist. 

220 Remember, then, that a Chemist has to ex- 
amine the reason of the appearances, and the changes 
which are presented by the most common, or, as you 
might think, the most trifling things; remember 
that he is seeking after knowledge; he is a Philoso- 
pher, a man of Science, and, by accurately observing 
and reasoning upon simple facts, he is frequently 
enabled to make discoveries of the utmost im« 
portance. 

221 The term Philosopher is derived from 
he Greek words philos, signifying lover of, and 
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Sophia, signifying wisdom; the term Science is 
derived from the Latin word sdentia, signifying 
knowledge, 

222 The melting of a solid piece of lead by Heat, 
although a familiar fact, is, nevertheless, a philoso- 
phical fact, or a scientific fact, and its examination 
will present some useful information. 

223 A lump of Lead consists of an infinite number 
of minute particles of the metal, all of which are 
firmly drawn and held together by a certain attrac- 
tion or force which prevents them from falling 
asunder, like the grains of a heap of sand. 

224 This attraction, in scientific terms, is called 
the attraction of aggregation, or attraction of co- 
hesion. 

225 The term Attraction is derived from the 
Latin words ad, signifying to, and tralio, to draw. 
Aggregation is derived from ad, signifying to, and 
grego, to collect Cohesion is derived from cum, sig- 
nifying together, and luereo, to stick. 

226 AU substances are under the influence of 
this power of attraction of aggregation, or attraction 
of cohesion; it preserves them in what is called 
their tangible form or condition, either as solids, 
liquids, gases, or vapours. 

227 The attraction of aggregation is strong 
amongst the particles of a solid, weak amongst 
those of a liquid, and weakest amongst those of a 
gas and a vapour. 

228 Then, as regards the solid lump of Lead, 
when it is heated, the heat is said to weaken the 
attraction of aggregation, or of cohesion, amongst its 
particles, and to permit them to part asimder, or fall i 
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into ibd liquid aiiate; in which staite ai^ractimi of 
^gi'^tion, or of coheaion, is st&ll exeHedy although 
ia a degree gveatly inferior to that in Which it was 
exerted in the solid metal. 

229 When the melted Lead is removed from the 
fire, or, in other words, allowed to cool, the heat 
that unhound or loosened its solid particles gradually 
escapes, and the attraction of aggregation, 6r of co- 
beaiou, as graduallj becomes stronger, ttutil, at 
length, when the metal is cold, the attraction becomes 
as strong as it was at first, and the metal becomes as 
solid as it was at fii^. 

230 By trkls or experiments upon Lead and other 
metals^ the Chemist soon discovers that Heat has the 
power, generally speaking, of changing the condition 
or the mechanical state of a metal from that of a 
solid to that of a liquid. 

231 There are some instances, however, in which 
Heat has the power of changing the liquid metal into 
the state of vapour; and I may mention, that such 
is the case with the metal Zinc, and ako with the 
metal Mei-cury, which is naturally liquid. 

232 But in all these cases, even when the metal 
is converted into vapour, the Heat has only overcome 
the attraction of aggregation, the attraction of 
cohesion, or the mechanical attraction of its pai^ticles, 
to the utmost possible extent, and has not. in the 
slightest degree, overcome the force, th6 affinity, or 
the • chemical attraction by which its constituents, 
whatever they may be, are naturally bound or united 
together. ^ 

233 ■ Perhaps I can fexj)ress these facts to you in 
^ other wonils, and you must not be tired if I i^ejoedt' 



things (xvm and Toveir.i Again, for it fe-fmy -w^feh to 
tea^h you wit>h certainty, sdthbugh it may be but 
slowly; <and^ therelbre^ if I find tha* you do not 
readily understand one form of expression, I try 
another, and another, until I find that you do clearly 
understand my meaning. 

33i The Chemist discovers that Heat can only 
change the mechanical, and not the chemical, state 
of the metal Take the extreme case, when it is 
converted into vapour; this, if cooled, will condense 
into the liquid state, and this, if further cooled, will 
concrete into the solid state, the metal coming forth 
in its original integrity, without having yielded the 
slightest cue as to its being a compound substance. 

235 Heat, therefore, cannot effect the decompo^ 
sition of a Metal. The term Decomposition is derived 
fix)m the Latin words cfe, signifying negative or not, 
and com/poy signifying order^ 

236 If Heat could effect the decomposition of a 
metal, by separating or tearing asunder the hidden 
things of which it may consist, these things wotild 
no longer be in the order in which they were when 
united in the form of a metal. 

^37 The term Decomposition has the same mean- 
ing as the term Analysis, or is synonymous with it; 
and, therefore, to say that Metals and other Mements 
cannot be decomposed, amoimts to the same thing as 
to say that they cannot be analysed; but all com- 
pounds cam be decomposed or analysed. I shall 
now proceed to examine Water, to prove whether it be 
an Element or a Compound. 

.238 If a solid lump of Ice be placed near a 
fire; it "will gradually receive and absorb heat; thto 
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will gradually weak^i its attraction of aggregation 
or of cohesion, will gradually change the solid form 
of the water, and pompel ijb to assume its more U3ual 
form of liquid. 

239 If this liquid water be placed in a suitable 
vessel over a fire, the water will gradually receive 
and absorb more heat, and this will gradually 
weaken the attraction of cohesion amongst the liquid 
particles to a yet grea,ter extent, and ultimately 
cause the liquid water to assume the state of vapour. 

.240 If this vapour be received in a cold vessel, it is 
inounediately deprived of its extra portion of heat, 
and condensed into the state of liquid water, having 
a less portion of heat ; if this liquid water be ex- 
posed to the cold of frost, it is even deprived of 
a portion of this heat, and congealed into the solid 
form of ice, having a least portion of heat. 

241 But during the thawing of the solid ice into 
Uquid water, during the boiling of the liquid water 
into steam or vapour, during the condensation of the 
steam into flowing water, during the congelation of 
flowing water into solid ice, however often the opera- 
tions may be repeated, the attraction of aggregation 
or cohesion is ajQTected throughout these changes, 
and not the attraction of composition or affinity. 

242 In fact, throughout these changes, the Water, 
be it as a solid, a liquid, or a vapour, will yield 
no clus as to the things of which it may naturally 
consist; or, in other words, it comports itself like 
an Element, like the metal zinc, for example. 

243 From these experiments, the Chemist is led 
to conclude that Heat, although a powerful impon- 
derable agent, in modifying the form or state of 
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water^ is ineffectual in discoyering its composition j 
or, "Water may be an dement, or, if it be iwi, then 
its constituents or components must be imited with 
an affinity so strong that they cannot be pa/rted <h: 
torn asunder by heat. 

244 The Chemist does not hastily conchide that 
"Water must he an Element, or utteriy incapable of 
decomposition, because it has resisted the ordeal of 
heat, but immediately seeks another imponderable 
agent, whose searching pover may probably effect 
the desired analysis; and I must here again mention 
that no substance is deemed to be an Element imtil 
it is found to haye resisted the power of eyery test 
that is known in the science of Chemistiy. 

U5 There is a most wonderful impcmderable 
agent, the peculiar properties of which were first 
discoyered upon the examination of the substance 
so well known as Amber, and by degrees these pecu- 
liar properties were examined and arranged into 
regular form and order to constitute the rudiments 
of a science. 

246 Amber was the means of reyeaJing these 
peculiar properties of a new agent, and the Greek 
name of amber being elektron, the new agent ro- 
ceiyed the name of Electricity, and the examination 
of its powers is distinguished as the Science of 
Electricity. 

VIII. EDUCTION OP ELEMENTS, 

Continued. 

247 Elbctbicity is discoyered to be a natural 
agent, haying the most extraordinaxy powers; some 
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of these I shall endeavour to explain fviUly at a more 
advanced period of your studies, but I may now tell 
you, that during a thunderstorm, the vivid flash of 
lightning announces the swift passage of electricity 
fix)m the clouds to the earth, and that it not only 
forcibly parts asunder the intervening air, but 
violently rends into fragments terrestnal objects 
upon which it strikes, if they do not afford it . a 
I'eady and unbroken track or passage. 

248 The Chemist, by laborious and refined ex- 
periments upon natural Electricity, has succeeded in 
educing the agent by artificial means, and of sub- 
jecting it to control, so that it may be displayed in 
vivid sparks, or may be invisibly transmitted, with 
the swiftness of lightning, from one situation to 
another where its power is required to act. 

249 With few exceptions, those elements and 
compounds which permit the passage of Heat also 
permit the passage jj^ Electricity; and those which 
oppose or retard the|)assage of Heat will also oppose 
or retard the passage of Electricity. 

250 The former are called Conductors, and the 
latter Non-conductors, or imperfect, bad conductors 
of Heat and Electricity. The term Conductors is 
derived from the Latin words corij signifying together, 
and duco, to lead; the word 7iow, signifying Tiot, pre- 
fixed to the word conductors, of course denotes the 
reverse. 

2»51 Take a piece of iron wire, as thick and as 
long as the straight stem of a clay tobacco pipe, 
place one end of the iron wire and the bowl of the 
pipe side by side in a clear fire, you will soon find 
the other end of the iron wire become too hot for 



pipe wSX f«iel ^ •eold ad it did belor^ ' jow iYaust hs 
boYrl . isnto iih» fiifo; hffi « tlm mu}^ trial' txr' eayerimeTit 
you i^oire tlie ix'oa laud 4^e day to diifiSsr in theiir 
propertiest regarding • heAt • -when similarly treated; 

25% Well, then, in the language of sciencfe, th^ 
Iron is said -to oomduet the heat from the fire^ or to 
be A oonductor of heat, and the Clay is said not to 
conduct the heat from the fire, or to be a non-oon- 
ductor of heat, or, more correctly, an" imperfect or 
bad (Jonductor, for an absolute non-conductor, either 
of Heat or Electricity, is probably unknown. 

253 Metals are the most perfect conductors of 
Heat, ani also of Electricity; but stone, brick, and 
wood are imperfect conductors of these imponderable 
Elements; and I must here tell you that metada 
ccHiduct Heat progressively, but conduct Mectribity 
in^antatieously. 

25i I dare say that you have often observed a 
long iron rod, either attached* a building or affixed 
to a post near a building, and perhaps you may 
know that the iron rod is called a conductor, for the 
proteobion of the building from lightning. 

255 Aa the iron wire that I hfave just rfieli* 
tioned is called a comductor of heat, so' isr the 
iron rod a conductor of electricity; the lightning 
will prefer being led through it from the clouds t6 
the earth readily, rather than to dart amidst the 
imperfectly conducting stone, brick^ and wood, and 
tO(find a tardy escape; thus, by the aid of a good 
condfoctor, the building is prevented: from sustaining 
ilatnage«. ( . t .( .' .• •' •. - i - • 

,..i2^6i Yofu Icitow that wnter wtil '«of(ia boil whda 



50 EDUcrriON of elbmemts. 

placed over a fire, and, fix>m whsit I haye said, you 
may probably think that it must be a good (in- 
ductor of heat to do so; such is not the case, for it 
is a most imperfect conductor of heat. 

257 When water is placed, say in a copper kettle, 
over a fire, the metal soon conducts heat from the 
fire to the water that covers the interior bottom of 
the kettle. This water, by the contact of the hot 
metal, becomes extremely hot, but cannot part with, 
or impart any of the heat to the water above it or 
at the top of the kettle (as the heated end of the 
iron wire could to the cold end), because it is an 
imperfect conductor, and more resembles in this 
I'espect the clay stem of the tobacco pipe. 

258 As the water in contact with the heated 
interior bottom of the kettle becomes hot, it at the 
same time becomes much lighter than the cold water 
at the top, therefore rises through it, and, in doing 
so, imparts heat by its touch or contact. 

259 Portions of cold water then descend and 
come against the heated metal ; these, in their turn, 
become hot, then rise and impart heat by contact; 
and so the process goes on, hot water ascending and 
cold water descending until the whole of the water 
boils. 

2 GO Water, therefore, when heated at one part, 
does not conduct to another part, but it does 
convey heat; it does not become boiling hot on 
account of leading heat through, but on account of 
its conveying heat through ; or, in other w(M:*ds^ 
water has no power of conduction, but it has the 
power of convection. 

261 The term Convection is derived from the 
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Latin, worda con, signifying together, and veho, to 
carry; and there is as much di£Eerenoe between 
leading and iXbrrying as there is between eduction 
and productioii, 

262 Perhaps you may think that all I have now 
mentioned appears to be a very roundabout way of 
obtaining an answer to the question as to the 
Elementary or Compound nature of Water; but I 
assure you that every word has connexion with the 
matter, and although it may appear rather a long 
task, it is short in comparison to that which a 
Chemist has to learn before he can prove all the 
foregoing steps by experiment. 

263 Well, to continue. The Chemist arranges 
a suitable vessel or apparatus to contain a portion 
of water, so that it may be submitted to the agency 
of Electricity, and he discovers, in the first place, 
that water is an extremely imperfect conductor of 
the imponderable element; in the second place, 
that it has no convective power; and, in the third 
place, that it sustains no change; so that here 
again, as with Heat, Water comports itself as an 
Element. 

264 Even in this case the Chemist does not 
hastily conclude that Watsr must absolutely be an 
Element because it does not yield to the first appli- 
cation of Electricity. He next tries if he can modify 
the application of the agent, that it may exert its 
analytic power. 

265 He reflects upon a well-known fact of fi:^- 
qiient occurrence during a thunder storm — namely, 
if the iron conductor of a building be not perfect or 
continuous, if there exist the slightest break in it, 

e2 
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the lightning, upon arriving at such defect, and 
therefore having its swift passage retarded, wiU dart 
from the conducting iron amidst the imperfect 
conducting stone, brick, or wood work, and cause 
fracture or disintegration. 

266 The term Diaint^ration is derived from the 
Latin words dis, signifying separation, and integer, 
the whole, the complete. It denotes the opposite of 
aggregation, or, in other words, a faUing away of 
particles. 

267 The Chemist reflects, if natural electricity 
can thus cause the mechanical disintegration of im- 
perfectly conducting substances, artificial electricity 
may be so modified and applied as to effect the 
chemical decomposition of some imperfectly con- 
ducting substances, and therefore he tries its effect 
upon water, in the manner that I shall next 
describe. 

268 Let me caU your attention to the following 
arrangement of letters : — 

A. W. C. 

269 Let W represent water, and A and C wires 
of the metal platinum dipping into the water, but 
not touching each other. 

270 If A be placed in connexion with an arti- 
ficial source of electricity it will receive the elec- 
tricity, and endeavour to conduct it to C. 

271 But A cannot, directly or instantaneously, 
conduct electricity to C, on account of W, the im- 
perfect conducting water that is between them. 

272 This water, W, interrupts and retards the 
yaasage of tbe subtile imponderable element; which 
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then exhibits its power of producing an extraordi* 
nary change in the water. 

273 For around the platinnm wires A and 0, 
thonsands and thousands of bubbles come forth, rise 
rapidly, and burst upon the surfa^ of the water, 
so that it appears a^ if it were iuriously boiling. 

274 Here, then, is a wonderM change, effected 
by interrupting the passage of electricity from one 
good conducting surface of metal to another, by the 
intervention of imperfectly conducting water. 

275 The Chemist soon ascertains that the water 
is not boiling; that he can bear to plunge his 
hand in it; that the bubbles are not bubbles of 
hot steam, but are bubbles of cold gas, and that 
they do not condense as they would if they were 
bubbles of steam. 

276 He therefore infers from this experiment 
that water is imable to withstand the searching 
power of this modified application of electricity, and 
that the bubbles of gas are elevnents actually educed 
from the wca^; or, in other terms, water admits of 
decomposition by this interrupted passage of eleC" 
tricityy although it resisted decomposition by a 
more direct passage of that imponderable agent. 

277 The Chemist devises^ methods of collecting 
the gas from A and the gas from C, and soon 
discovers that they a/re not alike in their properties. 

278 The gas from A, where electricity enters 
the water, is invisible as air; and if a lighted 
taper be placed in it the brilliancy of the flame 
is remarkably increased; nay, if the flame be 
blown out so that the wick may be left with a 
red-hot snuff, upon placing this in the gas the 
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taper will be rekindled, and the flame will burn 
with increased brilliancy, but the gas itself zjt^Ul 
not kindle and bum. 

279 The gas from C, where the electricity escapes 
after crossing from A through W, is invisible as 
air; and if a lighted taper be placed in it the 
flame is instantly extinguished, but the gas itself 
loiU kindle and bum with an extremely pale flame. 

280 The result thus obtained, by submitting 
water to the action of Electricity, is of the highest 
possible interest to the Chemist; and he feither 
discovers tliat, by prolonging the action for a 
sufficient time, the whole of the liquid water 
vanishes into the two gases which have such 
distinct and opposite characters. 

281 The Chemist then submits these gases to 
every imponderable and ponderable test, but finds 
that they resist all attempts at decomposition, and 
in fact they must be considered as Elements educed 
from Compoimd Water. 

282 He experimentally proves them to be the 
elements of water; for if he place them together, 
and cause a spark of electricity to pass through 
the mixture, the subtile agent, thus applied, will 
excite the gases to exert affinity for each other; 
they will combine instantaneously; and the iden- 
tical tvater is prodiiced, from whence, by the inter- 
rupted passage of electricity, they were educed, 

283 The gas educed at A, where the electricity 
enters the water "W, is the Element called Oxygen. 

284 The gas educed at C, where the electricity 
escapes from the water W, is the Element called 
Hydrogen. 
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285 The decomposition of Water by electricity 
is generally distinguished by the term Electrolysis 
(pronounced el^roTisis); it is derived from the 
Greek word eUktron, signifying cmther, from whence 
is derived the term electricity, and liM, to loosen. 
Therefore Electrolysis denotes to loosen, or unbind, 
by electricity. 

2S(j This Electrolysis of water is of a most cer- 
tain or definite nature; the Chemist examines it in 
every particular with the most unwearied skiU, and 
discovers many extraordinary facts in connexion 
with it, a few of which I may now mention. 

287 First — ^That Oxygen is invariably educed 
where electricity enters at A, and Hydrogen is inva- 
riably educed where electricity escapes at C. 

288 Secondly, — That the quantity by measure of 
the Hydrogen educed at C, is invariably double the 
quantity by measure of Oxygen educed at A. 

289 Thirdly, — That the quantity by measure of 
Hydrogen educed at C, invariably equals one part by 
weight, and the quantity of Oxygen educed at A, as 
invariably equals eight parts by weight. 

2 90 Foiuthly, — That the one part of Hydrogen by 
weight, and eight parts of Oxygen by weight, com- 
bine and produce nine parts of Water by weight. 

291 Thus then, by Electrolysis, the Chemist can 
educe from their natural combination in water, the 
Elements called Oxygen andHydrogen,'and can prove 
both analytically and synthetically that Water, 
although it has for ages borne, does not merit the 
title of Element, as it is a definite compound of the 
gases Oxygen and Hydrogen. 

292 The accurate and extensive investigation of 
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the properties of these remarkable elements demands 
the attentive study of the Chemist; he performs 
many beautifnl experiments upon them. 

293 I have only selected their eduction now, to 
give you a slight notion of the train of reasoning 
and of experimental research that is required for 
endeavouring to effect analysis by the employment 
of Imponderable agents. I shall next present you 
with the principles of an analysis, or decomposition, 
and the eduction of an element by the employment 
of a Ponderable agent. 

IX. EDUCTION OF ELEMENTS, 

Conchided, 

294 The Chemist wishes to ascertain if the ancient 
Element Air, still merit its distinctive title; he there- 
fore tries upon it the effect of Heat and Electricity; 
he finds, although Heat can render Air lighter, and 
Electricity can dart through air, that neither of these 
agents can edicce any substance or substances from 
Air; and he finds that the third imponderable Ele- 
ment Light, has no effect upon Air. 

295 The Chemist, therefore, seeks for some pon- 
derable agent for effecting the analysis or the de- 
composition of Air; he reflects upon the fact that 
the common metals, if bright, become dull or tar- 
nished, especially when they are heated. Thus a 
bright iron nail will soon become dull or tarnished, 
if it be heated red-hot in the fire for a few minutes. 

296 This fact may appear to you as trifling as 
that regarding the metal Lead melting by heat, 
but you have gained a large amoimt of information 
from the examination of that fact; so you will add 
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to such information by the examination of the cause 
of a hot iron nail tarnishing. 

297 Is the tarnish of the hot iron produced in 
consequence of the metal exerting affinity for and 
combining with Air itself, or is it produced in conse- 
quence of the metal exerting affinity for and com- 
bining with an element ox, elements that the Air 
contains? 

298 This question can only be answered by 
making accurate experiments. 

299 The Chemist ascertains that the liquid metal 
Mercury will tarnish by heat in a more remarkable 
manner than the metal iron, and, being liquid, it 
admits of introduction into an apparatus more 
readily than a solid metal ; he, therefore, selects Mer- 
cury as a ponderable agent for effecting, if possible, 
the desii^ Mmlysis of Air. 

300 He introduces a portion of brilliant liquid 
Mercury into a glass apparatus containing a certain 
measure of Air, and contrives a method of prevent- 
ing either the metal or the air from escaping. 

301 In the Air thus confined he heats the Mer- 
cury, and finds, after a time, that the original mea- 
sure of the Air is much diminished. He still heats 
the Mercury, until he ultimately finds that the Air 
suffers no more diminution. 

302 During this experiment, the Chemist remarks 
that the liq- dd Mercury, which was originally white 
and brilliant as silver, has become tarnished and 
covered with solid grains of a deep red colour. 

303 Now, the Alchemists frequently made an 
experiment of this kind, not with the view of 
effecting the analysis of air, but with the view of 
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rendering the mercury solid, in which state they 
imagined it would present them with pure silver. 
Finding, however, that it did not become a solid of 
metallic lustre, but grains of a deep red colour, 
having no resemblance to a metal, they inferred that 
the Mercury was changed or transmuted into a red- 
coloured earth. 

304 The Chemist reasons di£ferently regarding 
the remarkable result of the experiment, and he 
concludes that the heat has excited the Mercury to 
exert an affinity, not for the entire measure of the 
confined air (because a vety considerable measure yet 
remains), but for a part of the confined air, or it 
may be for a certain element of the confined air. 

305 And farther, that the Mercury, having thus 
operated, has no affinity for the remaining portion of 
the confiined air, or the remaining probable element 
of the confined air ; which accordingly suffers no 
more diminution in its quantity or measure. 

306 In other words, the Chemist expects that the 
Mercury has abstracted and combined with one ele- 
ment of the air to produce the red-coloured com- 
pound, and so has educed the other element of the 
air in its pure state. 

307 He examines this remaining aeriform sub- 
stance, and finds that it will instantly extinguish the 
flame of a taper, and that it will not itself kindle 
and bum ; so that it cannot be Oxygen — ^it cannot 
be Hydrogen. 

308 The Chemist ascertains that the aeriform 
substance is not a vapoiu*, for it will not condense 
either into the liquid or solid form by the action of 

\e most intense degree of cold. It is, therefore, a 
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perfect gas, which, after being submitted to all 
the most powerftd tests or detective agents, will not 
yield any other substances ; it resists decomposition, 
and therefore merits the title of an Element. 

309 It is an Element identical in every character 
with an element that can be educed from Nitre, and 
without which element Nitre cannot be produced. 
It is, therefore, distinguished by the term Nitrogen, 
which is derived from the Greek words, signifying 
nitref and generate or produce, as I have already 
mentioned. 

310 The Chemist therefore deems Nitrogen to be 
one of the gaseous elements of Air. The other 
element he suspects to have combined with the 
Mercury to produce the red compound, he therefore 
proceeds to analyse this, and to educe the element 
from its curious combination. 

311 As in the case of Water, electricity of one 
degree was found to effect its decomposition into the 
elements Oxygen and Hydrogen, and electricity of 
another degree was found to effect their combination 
to produce Water; so in the case now before you. 
The Chemist ascertains that heat of one degree will 
produce the red-coloured compound, whilst heat of 
another degree will cause it to decompose. 

312 The metal Mercury, when exposed to heat, 
will boil before it becomes red-hot, and the heat 
required for its boiling is exactly sufficient for 
exciting affinity to ensue between it and the other 
element of the air, the result of which affinity is the 
production of the red compound. 

313 If this red compound be heated red-hot, 
this greater degree of heat overcomes not only at- 
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traction of aggregation or of cohesion, but the 
attraction of composition or the affinity between the 
Mercury and the unknown element, they are parted 
or torn asunder, the Mercury is educed in its 
original brilliant liquid state, and the \uiknown 
element is educed and collected in an aeriform state. 
The whole of the red compound vani^es, or, in 
other words, it is entirely decomposed. 

314 The Chemist next examines the aeriform 
substance, and discovers it to be identical in all its 
characters with the Oxygen which he educed from 
Water. 

315 He mingles the Oxygen and the Nitrogen 
together, in precisely the same proportions by mea- 
sure in which he found them educed, and finds that 
the mixture has the same effect, upon the flame of a 
taper as the air originally had : I mean that it will 
support the flame with its usual steady brilliancy. 

316 As the mere mixture of the elements is suf- 
ficient for this purpose — as there is no occasion 
previously to excite affinity between them (as there 
was in the case of Oxygen and Hydrogen to produce 
compound vxUer) — the Chemist concludes that the 
air is naturaUy a were miocture, and not a true com- 
pound of the elements Oxygen and Nitrogen. 

317 The Chemist having ascertained these &tcts, 
proceeds to determine them yet more accurately by 
weight, and discovers that one thousand parts of Air 
by weight yield seven hundred and seventy parts by 
weight of Nitrogen, and two hundred and thirty 
parts by weight of Oxygen; or the residt may be 
stated as follows :— 
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318 The red compoxind, so often mentioned in 
the foregoing description, is discovered to be, not an 
earth, but a compound of Oxygen and Mercmy, and 
as it has no acid property, it is called an Oxide of 
Mercury, to denote its true composition. 

319 When the bright iron nail is placed in the 
fire the heat excites affinity to take place between 
the oxygen of the air (which supports or fens the 
fire) and the metal iron, the tarnish is thus pro- 
duced, and it being a compound of Oxygen and Iron, 
and having no acid property, is called an Oxide of 
Iron, to denote its true constitution. 

320 The Oxygen and the Iron have most intense 
affinity for each other, and when once combined by 
the exciting agency of a certain degree of heat, they 
cannot be parted by the very highest degree of heat 
that is known to the Chemist. 

321 The experiments I have now mentioned, and 
many others of similar nature that are well known 
to the Chemist, but rather too difficult for you to 
imderstand, prove beyond doubt that the Air does 
not merit its ancient title of Element, nor even that 
of Compound, as it is only a mixtwe of the Elements 
Oxygen and Nitrogen, 

322 Having thus discovered that Water and Air 
admit of decomposition or separation into other sub- 
stances, I may tell you that the ancient element, 
Earth, by which tenn was denoted every variety of 
rock, stone, and soil, has yielded to chemical analysis, 
and that clay; lime, and sand; for example, ar0 
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compounds of Oxygen with Metala, or are metallic 
oxides. 

323 Fire is no longer regarded or acknowledged 
to be an element, as it was anciently thought to be, 
but is in eveiy case a result of strong or powerful 
chemical affinity between two or more elements. 
Thus, a fine dust of Lead placed m Oxygen imme- 
diately takes fire and bums, the Fire here results 
fi:om an intense affinity between the two elements, 
causing them to imite and produce the compound 
Oxide of Lead. 

324 From what I have said, I think that you 
have formed some notion of the operations of analysis, 
by which are educed the three modem elements, 
Oxygen, Hydrogen, and Nitrogen; now, remember 
that they are the only Elementgury Gases known, and 
that they enter into the composition of a vast number 
of natural and artificial substances, the accurate study 
of which would occupy the lifetime of the most 
talented and industrious experimenter, 

325 Then as regards the other modem elements, 
of which I presented you with an alphabetical list, 
and more particularly as regards the Metals, those 
which are not found native are educed by analysis fix)m 
their combinations, and such combinations, when 
they contain metals, are usually called metallic ores. 

326 These, generally speaking, are natural com- 
binations of Metals with oxygen, chlorine, sulphur, 
or other non-metallic elements, and are respectively 
called oxides, chlorides, and sulphurets, to denote 
their composition. 

327 The art of educing metals from ores, consists 
in presenting to these some element or elements 
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having a greater affinity for the oxygen, the chlorine, 
or the sulphur, than the metals naturally have for 
those sul^tances, so that by removing these non- 
metaUic elements, the metals themselves are set free, 
or are educed. 

X. WEIGHTS OF THE ELEMENTS. 

328 I HAVE frequently mentioned to you during 
this course of instruction, that in aU accurate or 
quantitative experiments the Chemist invariably 
works by weight, and now I wish to explain this 
matter more particularly, as it is of great interest 
and importance. 

329 The Chemist has invented methods for col- 
lecting Hydrogen, although it is a perfectly invisible 
gas, and of filling bottles with it as easily as you can 
till bottles with water; he can also weigh the gas 
more accurately than you could weigh a lump of 
lead, with his delicate scales and weights, and he 
ascertains that Hydrogen is the ligJUest substance 
with which he is acquainted. 

330 On this account he distinguishes Hydrogen 
as equal to One, or Unity, and selects this as a nia/rk 
or 8tandar4 by which to compare the relative weights 
of other Elements, or the definite weiglUs in which 
they combine with Hydrogen and loith each otiier. 

331 Now, remember, for the future, when I say 
1, 2, 3, 4, 5, or any other number of parts, I always 
mean parts by weiglU; if you remember and under- 
stand this, it will save both of us much time and 
repetition of terms. 

332 The Chemist ascertains that 1 part of Hy- 
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drogen will combine with 8 parts of Oxygen — ^that 
8 parts of Oxygen will combine with 104 parts of 
Lead; and if these numbers represent the combining 
weights of the dements — ^as 1 of Hydrogen combine 
with 8 of Oxygen, as 8 of Oxygen combine with 104 
of Lead — ^the numbers 9 and 112 will respectively 
represent the compounds that are formed — ^namely, 
Water 9, and Oxide of Lead 112. 

333 The nmnbers 1, 8, and 104, denote the 
smallest combining weights of the elements; the 
numbers 9 and 112 denote the smallest UJeiglUSy and 
comhiiiing weights of the compounds, 

334 It frequently happens that Elements will 
combine in wore t1ui7i their smallest weights, and then 
it is found that such greater weights are always 
simple multiples of the smallest or first combining 
weights, 

335 Thus, 8 of Oxygen combine with 6 of Carbon 
to form 16 of Carbonic oxide, but tvnce 8, or 16, of 
Oxygen combine with 6 of Carbon to form 22 of Car- 
bonic acid. 

336 Thus three times 8, or 24, of Oxygen combine 
with twice 104, or 208, of Lead to produce 332 of an 
Oxide of Lead, very different to the Oxide of Lead 
represented by the number 112. 

337 This Oxide, however, represented- by 112, 
combines with 22 of Carbonic acid, so that Carbonate 
of Oxide of Lead is represented by the number 
134. 

338 The combining weights of !E^ements and 
Compounds, you will thus perceive, are not repre- 
sented at so much in each 100 pai-ts, or at so much 

^^ emt*, but in their tmalktft posnhU weights, in 
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reference to the elementary atanda/rd of hydrogen, as 
being equal to 1, or equal to unity, 

339 It is very probable that soon after commenc- 
ing the study of these Outlines of Chemistry, you 
thought it rather strange that I should say 112 parts 
by weight of Oxide of Lead, 22 parts by weight of 
Carbonic Acid, and 134 parts by weight of Carbonate 
of Oxide of Lead, instead of saying 100 parts of 
each, and educing the per centagea of the Oxygen, 
the Lead, and the Carbon. Now you find the reason 
that I so expressed myself, which I could not hare 
rendered intelligible to you at that time. 

340 I shall now present you with another Alpha- 
betical List of The Ultimate Elements, and call 
upon you to remember most particularly the num- 
bers on the right hcmd of the names which are 
printed in Capitals, as they denote Elements of the 
greatest importance, and I shall constantly have to 
mention them at a more advanced period of your 
studies. 

341 Alphabetical list of Ultimate Elements. 
The numbers placed on the right hcmd denote the 
smallest weight in which they combine. Hydrogen 
being taken as the Standard qf Gom/parison or 
Unity, J 

ITA^CEB OP ELEMENTS. COMBIinNO WEIGHTS. 

1 Aluminum 10 

2 Antimony Q5 

3 AUSENICUM 38 

4 Barium 70 

5 Bismuth 72 

6 Boron 20 

7 Bbokine . i • < « # 7d 

y 
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NAMES OF BLBMEITTS. C0V31STS& WEIGHTS. 

8 Cadmium 5Q 

9 Calcium 20 

10 Cakbon 6 

11 Cerium 48 

12 Chlorine 36 

13 Chromium 28 

14 Cobalt 30 

15 Colimibium 185 

16 Copper 32 

17 Didymium ? 

18 Fluorine 18? 

19 GluciDum 18 

20 Gold 200 

21 Hydrogen 1 

22 Iodine 125 

23 Iridium 96 

24 Iron 28 

25 Lantanum 40 

26 Lead 104 

27 Lithium 10 

28 Magnesium 12 

29 Manganesium .... 28 

30 Mercury 200 

31 Molybdenum 48 

32 Nickel 28 

33 Nitrogen 14 

34 Osmiiun 100 

35 Oxygen 8 

36 Palladium 54 

37 Phosphorus 32 

38 Platinum 96 

39 Potassium ...... 40 
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NAICSS OV ELBMXNTS. OOMBINIirG^ WSIC^HTS. 

40 Ehodium 45 

41 Selenium 40 

42 SiLiciuM 8 

43 Silver 110 

44 Sodium 24 

45 Strontiiim 44 

46 Sulphur 16 

47 Tellmiuin 32 

48 Thormum 60 

49 Tin . . 58 

50 Titanium 24 

51 Timgstenum 109 

52 Uranium 217 

53 Vanadium 68 

54 Yttrium 32 

55 Zinc 32 

56 Zirconium 30 

342 A correct knowledge of these smallest or 
combining weights is of the greatest importance to 
the Chemist ; it enables him to attain a degree ol 
precision in experimenting which was imknown at 
the commencement of Chemistry. 

343 I may tell you also that Primary and Secon- 
dary combinations cannot be formed in any weights 
that the caprice or inclination of the chemist may 
dictate; as, for example, 100 of A with 200 of B, 
at one time, and 100 of B with 200 of A at another; 
they can only be formed in certain or dejmite weights 
or in some simple multiples of such weights. 

344 Hence the great beauty and precision of 
Chemistry, in addition to the curious and unexpected 
changjes that its experiments present; and there* 

F 2 
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fi>re its stndy becomes a pleaisorable taak to every 
active and diligent mind; for it is perfectly impossi- 
ble to anticipate what results will be obtained when 
either elements or compounds are experimented upon, 
and caused to exert affinity for each other. 

345 New discoveries are daily made, and are, 
generally speaking, applicable, either directly or in- 
directly, to the improvement and advancement of the 
useful arts. 

346 The most learned grammarian is unable to 
state the exact number of words that can be formed 
by the twenty-six letters of the Alphabet : the most 
talented chemist is unable to state the exact number 
of primary and secondary compounds that can be 
formed by the fifty-six Ultimate Elements ; but a 
sound general knowledge of the powers and proper- 
ties of those which are of the most frequent occur- 
rence, exactly the same as in the case of a language, 
is well calculated to enlarge and enlighten the un- 
derstanding, and so enable us to appreciate the great 
value of the treasures which are so abundantly pi^ 
sented for our examination, through the vast temple 
of the sciences. 



XI. UTILITY OF CHEMISTEY. 

347 Look where you may throughout the viwt, 
the varied, the magnificent Creation, earth, water, 
air, vegetables, and animals, are all presenting you 
with their respective voliunes of wonders, the pages 
of which you are permitted to examine and %^ in* 
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terpret^ to a great extent, by the aid of the Sdence 
of Chemistry. 

348 For example, Chemistry directs your atten^ 
tion to the yarious rocks and stones upon the sur&oe 
of the earth, proves to you the elements of which 
they are composed, how &r they are afi^ted by the 
weather, and, therefore, how &r they are Stable for 
employment as materials for building. 

349 Chemistry teaches you how to place the 
components of rocks, stones, or soils — such as clay, 
sand, and lime together, in wei^ts different to those 
in which they naturaQy occur, so as to produce 
artificial materials, such as brick, mortar, plaster, 
cement, and stucco, for building either simple or 
decorated structurea 

360 Aided by the science of Mechanics, Che* 
mistry leads you hr beneath the level of the earth, 
into the deep region of the mines, glittering with 
veins of native metals or metallic ores ; teaches you 
how to extract or educe the useM metals £rom sub- 
stances, or elements, of lesser value; and to melt 
and mould the metals into forms suited for the 
purposes of the arts, manu&ctures, and domestic 
life. 

351 Chemistry points out the boundless stores of 
mineral fuel, called Coal ; teaches you that it chiefly 
consists of the inflammable elements Carbon and 
Hydrogen ; and how it may be burned to produce 
hj^ of sufficient power to melt solid iron and other 
metals, in which molten state, but more especially 
Iron, they may be oast into mouldfi^ and so become 
serviceable in the construction of those stupendous 
works of art, such as railways, bridges, steam en« 
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gineS; and machinery, for which this country is so 
renowned. 

352 Chemistry teaches you how to bum coal in 
common fire-plaoes, so as to obtain the greatest heat 
with the least weight of fuel, by admitting to it a 
proper supply of Air, the Oxygen of which supports 
the combustion of the Carbon and the Hydrogen, 
producing the vapours of Carbonic Acid and Water, 
which are allowed free escape through the chimney, 
whilst fresh air enters the grate to maintain the 
combustion of other portions of the fueL 

353 If, instead of warmth, it be your object to 
obtain usefrd light, Chemistry teaches that, by heat- 
ing coal in a vessel closed against the admission of 
air, or, in other words, an air-tight apparatus, that 
the coal is decomposed, and a great portion of its 
Carbon and Hydrogen arrange themselves, by affinity, 
into the form of an invisible vapour, commonly 
called Coal gas, but chemically, Carburetted Hydro- 
gen ; with which cities, towns, and highways may be 
brilliantly illuminated. 

354 Chemistry instructs you how to melt certain 
weights of sand, or oxide of silicium and potash, or 
oxide of potassium, that the two compounds may 
combine, and produce a third compound which is 
familiarly known to you as Glass. 

355 Chemistry likewise instructs you how this 
glass may be &rther combined with oxide of lead, to 
produce another kind of glass, clear and colourless as 
the purest ice, or to combine glass with other me- 
tallic oxides to produce artificial gems, which rival 
in colour the crimson, yellow, blue, purple, and 
Treen of the native ruby, topaz, sapphire, amethyst, 

id emerald. 
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356 The oxides having the peculiar colouring 
property are those of gold, silver, cobalt, mangane« 
Bium, and chromium. 

357 Every kind of this invaluable compound of 
metallic oxides, whether it be colourless or coloured 
glass, is employed for use^ or ornamental purposes, 
and little do you imagine when you are looking at a 
oommon window, or admiring one of stained glass, 
the amoimt of information chemistry can teach you 
to derive fix)m either the one or the other ; it would 
include an accurate history of many metallic and 
non-metallic elements. 

358 Chemistry directs you how other sciences 
may oei; sisted by its discovery of colourless glass. 
The astronomer moidds and grinds it into lenses, 
having an enormous magnifying power, and so con- 
structs a telescope to aid him in ascertaining and 
watching the forms, appearances, and motions of the 
starry heavens. 

359 The naturalist employs glass lenses of enor- 
mous magnifying power in his microscope for exa- 
mining the structure of those minute particles of 
aniinate and inanimate substances, which elude inves- 
tigation by the unassisted eye. 

360 Chemistry teaches you how to mingle flint, or 
oxide of sHicium, and clay, or oxide of almninum, 
together in certain weights with water, and thus form 
a soft plastic material that may be moulded or pressed 
into various shapes. It teaches how these may be 
dried to expel the greater part of the water, and then 
heated red-hot to expel the remainder, and excite 
the mixture of the oxides to exert affinity for each 
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other, and combine into a hard, brittle white com- 
pound, familiarly known as potteiy or earthenware* 

361 Chemistry teaches how this earthenware may 
be i-endered capable of holding water or other liquid^ 
by filling its pores with oxide of lead (or oxides of 
other metals), which, when heated red-hot, will enter 
into combination with the oxides of silidum and 
alumumm, superficially, and thus encrust the yessels 
with a transparent insoluble yariety of glass, com- 
monly known as glaze. 

362 Chemistry teaches how the white mixture of 
oxide of silicium and oxide of aluminum may be com- 
biued with other metallic oxides which haye the 
power of conferring colour, and thus you are pre- 
sented with coloured earthenware, or designs are 
painted upon the white earthenware with metallic 
oxides, and yarious mixtures of them, which, when 
the yessel is heated red-hot, combine and produce 
the colours or tints that the artist desired. 

363 The metaUic oxides which are employed for 
colouring earthenware, and for painting on porcelain, 
are generally the same as those employed for co- 
louring glass ; and the whole perfection which has 
been attained in the production of glass, pottery, 
and porcelain, is owing to the introduction and skil- 
ful employment of chemical principles and chemical 
preparations. 

364 Chemistry displays its utility eyen in a more 
striking manner, when you examine the arts of dye- 
ing and calico printing, for in them either elements 
or primary or secondary compoimds are employed 
for tinting woyen fiibrics, either entirely, as in dyeing 
cloth, or partially, as in printing calico. All those 






trriLITT OF CHEMISTRY. 73 

beautiful dyed cloths and printed calicoes that you 
see in warehouses and shops, are produced upon 
chemical principles, after long and laborious study 
and experiments upon the acuity that substances 
have for each other. 

365 Chemistry teaches you how to destroy colour, 
or to bleach coloured materials : indeed the modem 
art of bleaching is exclusiYely dependent upon che- 
mical principles. The elementary vapour Chlorine 
educed &om common salt, which is a natural com- 
pound of Chlorine and Sodium, and therefore called 
Chloride of Sodium, is the agent selected for use in 
the art of bleaching. 

366 Chemistry proves the extraordinary fact that 
the element Chlorine will not bleach dry colours ; but 
let them be wetted, and then Chlorine will decom- 
pose the Water, combining with its Hydrogen to pro- 
duce an acid called Hydrochloric acid^ to denote its 
composition, and educing Oxygen, which elementary 
gas, at the instant of its eduction, has the property 
of bleachinff colours. 

367 I may just call your attention to the fact of 
the production of Hydrochloric acid from the com- 
bination of Chlorine and Hydrogen, as it is one of 
the many acids which are not generated by Oxygen, 
and which do not contain Oxygen. 

368 For the decomposition of Water by Chlorine, 
chemistry teaches how that element may be most 
advantageously educed and applied, and the art of 
bleaching conducted upon an enormous scale, which 
you may readily believe, if you merely glance into 
the warehouses and shops which contain thousands 
of bales of calico and other goods of snowy whiteness. 
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XII. UTILITY OF CHEMISTRY. 

{Condiision.) 

369 Chemistry teaches you to examine the air 
we breathe, which is often, though not very cor- 
rectly, called the atmosphere, the term being derived 
from the Greek words atmos, signifying vapour, 
and sphaira, a sphere or globe; it is true that air 
does surround the sphere or globe of the earth ; but 
it is not a vapour — it cannot be condensed into a 
liquid or solid state ; I have already informed you 
of its nature, but I may here state a few more &icts 
that it is capable of affording. 

370 If you are closely shut up in a small room, 
why do you soon become feint and languid, and wish 
to throw up the window or to leave the room 1 

371 You will probably answer, because the room 
is so hot ; that is one cause, certainly, but there is 
another, requiring a more chemical explication. 

372 After you have been closely shut up in a 
small room for a considerable time, the confined air 
does not consist of the same elements as it did when 
you first entered; remember you have been breath- 
ing all the time : well, the very act of breathing 
deprives the air of a portion of its oxygen, which 
element is as requisite for the support of your life as 
it is for the support of the flame of a candle, or of a 
fire ; your breathing or respiration thus renders the 
air of the room impure or vitiated, as I shall next 
particularly explain. 

373 Chemistry teaches you the wonderful fact, 
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that aniinal bodies contain the ultimate elements 
Oxygen, Hydrogen, Nitrogen, and Carbon. These 
elements, therefore, are present in your blood. The 
blood, by a miraculous adjustment of the Creator, is 
exposed in yom* lungs to the action of the air that 
you draw in or inhale. 

374 The moment that you do so, a portion of the 
Carbon of the blood (which if it were kept in your 
body would be hurtful,) exerts affinity for the Oxygen 
of the air that you inhale, and instantly produces the 
Compotmd Carbonic Acid Vapour, whilst haying no 
affinity for the Nitrogen, that Element is educed. 

375 Both the Compound Carbonic Acid Vapour 
and the Element Nitrogen Gas are poisons; but they 
are thrown forth from the lungs as soon as they are 
produced, and educed when you exhale, and when 
you again inhale, a fresh portion of air enters your 
lungs which, in its turn, undergoes a similar change 
and a similar disposal. 

376 In fact, then, during your breathing you 
are unmian^g the air, and exhaling into the room 
one poison in the form of vapour, and another in 
that of gas, which, after a time, render the remaining 
air uiy^t for respiration, and you feel languid and 
faint, nearly as you would do if near charcoal burn- 
ing in a brazier, in the centre of a room, for that 
combustion produces Carbonic Acid. 

377 When you throw up the window sash, or 
open the door, you then allow the hurtful matters to 
escape, bsdA fresh air to enter, by which you are again 
enabled to breathe freely, and if you did not in this 
manner renew the air of a small closely shut room, 
you would ultimately swoon and die: and such you 
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read in the Historj of England vtba the &.te of 
many of our braye countrjxaen, who were dosdj 
shut up in a amall room called the Hack Holie of 
Calcutta. 

378 Chemistry teaches the extnbordinaxy £act, 
that the elements. Oxygen and Nitrogen, as they 
are naturally mingled in air, form the o»^ nUaoiure 
qf gases that is fitted for the support of animal respi- 
ration ; and wh^Oi these el^nents are artificiaUy ixtmr 
binedf they produce no less than ^five deeuUt/ com- 
pounds, 

379 Chemistry leads you to reflect with the most 
profound gratitude upon the surpassing goodness of 
the Creator, in thiis ordaining the atmosphere to con- 
sist of a d^nUe mixture of two getsesy and in retrain' 
ing plieir affinitie$y so that they ca/nnot eombinef imder 
any changes or vicissitudes of the seasons, to produce 
poisons, but invariably remain mdased for the proper 
support of animal and vegetable life. 

380 Chemistry teaches you that not only is your 
own life, and that of the whole amn^al kingdom 
dependent upon the wonderful uniformity in the 
nature of the atmosphere for the support of respira- 
tion, but it is equally indispensable for the support 
of vegetable life. 

381 The poisonous exhalations fix>m the lungs of 
man and animals, if permitted to remain in the 
atmosphere, would soon accumulate in quantity suf- 
ficient to render it hurtftil to hfe ; but the Creator 
has ordained the vegetable kingdom to exercise a 
miraculous influence in removing poisonouB maiter 
from the air, and so restoring it to its original health* 
ful properties. 
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388 Before I explain to you this proceee of 
ipettorotioquy I must inftom you that Ohemistry 
teaehea us to oonsider the ultisiate elements of the 
Tegetahle kingdom to be the scKme as those of the 
aouoal kiugdoinr-*«namely, Carbon, Hydrogen, ^^7"" 
gen, and Nitrogen, and that both kingdoms invarkmy 
oojfkiain. the element Carbon, or the pitrs combustible 
matter of Qharooal. 

383 If you plaee a piece of dry wood in a dull fire, 
you know that the wood will soon blacken, or char; 
this simple fact offers a question to the Chemist, 
namely — hsu^ the heat of the fire caused the charcoal 
to be made ttom. the wood, or did the charcoal 
originally exist in the wood, and has the heat of the 
fire educed it from the wood) 

384 Chemistry teaches that the Charcoal origi- 
naUy existed in the wood, in combination with 
Hydrogen and Oxygen; that the heat has disturbed 
the natural affinities of these elements fbr each other, 
and caused the Hydrogen and the Oxygen of the 
wood, and also a portion of the Oxygen of the air, to 
OQdiibine and produce water, at the same time that 
part of the carbon also combines with oxygen from 
the air to produce carbonic acid; but a great portion 
of the carbon (if the fire be dull) is educed, and 
appears in the form of charcoal. 

385 From whence came the carbon into the 
wood during the £px)wth of the tree that produced 
the wood? 

386 Chenustry proves that the growing tree did 
not obtain carbon from the soil of the ctfurth, nor 
from the water of the sbowera, but obtained it from 
tlM inirkihk atmofplMre* 
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3S7 In addition to what may be called its prin- 
cipal constituents, the atmospU in wiably conLms 
a portion of the vapour of water and of carbonic 
acid, independently of the carbonic acid which is 
produced during animal respiration and the burning 
of ordinary fuel. 

388 The Creator has endowed the leaves of grow- 
ing vegetables with the most miraculous power of 
decomposing the Carbonic Acid that may be present 
in the air; of so decomposing it, that the Carbon 
enters into the vegetable itseff, whilst pure Oxygen 
is educed, ready to mingle with Nitrogen, and so 
reproduce pure air fitted for the support of animal 
life. 

389 Chemistry teaches you how to examine the 
waters of the spring, the brook, the river, and the 
torrent, all of which yield up their secrets to reward 
your research; it enables you to ascertain the 
various metallic and saline compounds which they 
all contain in some degree or other; and therefore to 
prove ho.^ fer they are suited for domestic purposes. 

390 Chemistry directs your attention to the 
water of the ocean, instructs you how to examine 
the cause of its salt and bitter taste, and discovers to 
you the means of educing Chloride of Sodium, and 
Chloride of Magnesium, the salt taste being referrible 
to the former, and the bitter taste to the latter com- 
pound ; both of which are of the utmost value in 
many processes of the arts. 

391 Chemistry points out the composition of 
shells and coals, proves to you that their hardness 
and compactness depend upon their containing a 
compound of carbonic acid and oxide of ^ciiun 
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(identical with common chalk) ; combined in some 
cases with an ajumal principle called gelatine, as 
being identical with j^y ; and in others, with an 
animal principle called albumen, as being identical 
with white of egg, 

392 From the ashes of sponges and sea-weeds, 
chemistry instructs you how to educe the element 
Iodine, which is an invaluable medicine in the 
hands of physicianB, and of considerable use in the 
production of some dyes and colours. 

393 Chemistry teaches you that water, in a state 
of absolute purity (I mean solely consisting of the 
elements oxygen and hydrogen), is never presented 
by nature, not even when it falls from the clouds in 
showers. It always contains a portion of air, which 
it absorbs during its fall, and then being received by 
the earth, and afterwards gushing forth as springs, 
it always contains more or less metallic compounds, 
derived from the soil of the earth through which it 
has passed. 

394 Water fit for the beverage of man and ani- 
mals invariably contains a portion of air and of com- 
mon aaU, and such substances are absolutely essen- 
tial to the welfare of animal life. 

395 Chemistry instructs you that all natural 
^^ter« n^y be rendered absolLly pure, if requix^, 
by an artificial process, which consists in boiling 
the water and condensing the steam arising from it, 
by causing it to enter a cold receptacle; the solid 
impurities cannot vaporize by the heat, the actual 
water alone can do so ; its vapour or steam con-, 
denses into drops of pure water. 

396 Hence the process is called Distillation^ a term* 
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derived fix)in the Latin (UaiiBare, signifying to drop, 
or run dovon drop hy drop. It is one oi the many- 
useful processes contrived by the Arabian alchemists. 

397 Ch^nistry presents instructions regarding the 
different methods in which water may be boiled to 
yield steam, and thus supplies the moving agent of 
that wonderful combination of mechanical science 
called the steam engine, an invention to the activity 
of which every science, art, and manuf^ture, is 
deeply indebted. 

398 Chemistry affords invaluable assistance to 
the science of Medicine \ it proves how some elements, 
and nimierous compounds, may be employed as most 
powerftil and efficient remedies, for the alleviation 
and cure of painful diseases; and, in fact, it would 
be extremely difficult to select any medicine which 
has not been presented to the physician by the 
science of chemistry. 

399 Now I must request you to remember, that 
all the wonderful and important facts which I have 
endeavoured to explain to you regarding the objects, 
tendencies, and applications of the science of Chemis- 
try, have been discovered by the exertion of eonstcmt 
IcAov/r, diligence, and patience. 

400 Chemists are philosophers who work, and 
draw their conclusions from the results of eoep&ri- 
ments; and if they meet with things which they are 
vnahle, after all their laboiur, to explain, they do not 
perplex themselves by indulging in idle speculaMon 
or guesa-worh, but ocmdidly confess their ignorance, 
and patiently await the time when the progress of 
experiment will enable them to acquire the knowledge 
wbieh the^ so •amMtly d«sive« 
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• 

-401 I must now conclude my instructions. I 
have endeavoured to teach you the origin, the ob- 
jects, and some of the applications of Chemistry ; and 
if you have imderstood my language, I think you 
will admit, that what I said at the beginning has 
proved to be true at the end, namely, that * Che- 
mistry is an extremely interesting and important 
science.' 

•402 I have endeavoured to facilitate your pro- 
gress, by explaining the meaning and the derivation 
of koflrd words, many of which are not to be foimd 
in a common dictionary, and I have also endea- 
voured to teach you how they are pronouncedj so 
far as it has been possible for me to do so without 
actually talking to you. 
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QUESTIONS FOB THE EXAMHATION OF PUPILS 
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OUTLINES OV CHEMISTRY. 



••^•■IMi**t|iMa 



1 IltTttODUOTIOV. 



How many Metals were known to the Anolenti^-'i^What wer« 
the names of these Metals?-'*-— What were the Ancients soppoeed 
to know regarding s(Mne of these Metals ?— Is there any proof 
that the Ancients knew how to do so?-?-— Name the writer who 
first mentions an art by which some metals might be changed Into 
others ; state the period at which he llTed.—— ^What were th« 
notions at that period concerning the nature of the metals that yon 
have said were known to the Ancients ? — -^How was it expected 
that Gold and Silver might be obtained fh>m other metals, and 

what was the name of the substance for effecting the change ? 

Give me the names of the common and the precious metals, and 

state why they are called common and precious. ^By what term 

was the process of changing common into precious metals denoted ? 

What is the derivation of the term ? The art of making the 

philosopher's stone, and of causing the transmutation of metals, by 

what term was it distinguished ? What is the derivation of that 

term ? Do you remember the full meaning of the term Alchemy ? 

Who were the first Alchemists? ^From what things did they 

expect to force or to make the philosopher's stone, and what agent 

did they hope would assist them in so doing ? ^By what term 

were the contrivances and arrangements of the Alchemists denoted ? 

State the derivation of that term. By what term was the 

apartment or building denoted in which the apparatus was placed? 

State the derivation of that term. By what term were the 

various operations upon materials called, and from what is that 

term derived ? By whom were the principles of Alchemy brought 

into Europe, and in what European country were they first re- 
ceived? Did the principles of Alchemy remain in Spain, or did 

they extend to other countries ? How long was Alchemy 

practised ? ^Did the Alchemists succeed in performing Transmu- 

tation ?— State what you remember concerning the two classes of 
Alchemists.— What remarkable circumstances regarding Alchemy 
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happened in the reigns of Henry IV. and Henry VI. ?— Do you 
recollect two other things thai the Alchemists atten^ted to make, 

and whether they succeeded in their attempts ? When was the 

practice of Alchemy abandoned? When, and with what otjects* 

were the relics of Alchemy examined ? 

II. Osioiir OF Chehi8¥rt. 

What was the result of the labours of the Philosophers who nil'' 

dertook the examination ? Write down, in English letters, the 

Gre^ word that occurs in some writings of the 11th century, and 
state what it was then used to denote.-^»From what words is iba 

word iAemeia supposed to be deriyed ? If you adopt either ch6m(a 

or chenu as the root of chetneioy and wish to express it as an English 

word, how do you spell such word ? If you adopt ehymot as the 

root of chemeia, and wish to do similarly, how do you spell such 

watd? What is denoted by the word Chemistry or Chymistry V 

—What does Chemistry teach in the first place? ^Are the 

things called Elements the same things as are cidled * the four Ele- 
ments* ?— — -What does Chemistry teach you in the second place 
regarding the things now called Elements ? What does Chemis- 
try teach you in the third place regarding Compounds ? State 

the meaning and the derlTation of the terms Primary and Secondary 

Compounds. ^What does Chemistry teach you in the fourth, flitb< 

and sixth places ? 

in. Dbtuvition of Elements and Compounds. 

Bow is the Metal Lead ittade, or of what things does it consist ? 
«*»^From what source is the Chemist bound to draw his conclu- 
sions ?— — Then what conclusion is he bound to draw ttom his ex- 
periments upon the Metal Lead ? In What sense is the term 

Element employed in the language of Chemistry ? What is 

Litharge used for; what does it look like ; of what things does it 

consist ? You say that Litharge consists of the metal Lead and 

an invisible aeriform substance called Oxygen, then of what things 

does Oxygen consist ? By what term is the operation of disco- 

rering the elements of compounds denoted, and what is the deriva- 
tion of such term? What should you particularly remember 

concerning Analysis ? By what term is the operation of uniting 

elements to produce compounds denoted, and what is the derivatiou 

of such term ? What is the derivation of the term Litharge, 

and by what name is it Chemically denoted to imply its Composi- 
tion?-— —How much Lead, and how much Oxygen by weight caa 
be educed from 112 parts by weight of Oxide of Lead ?— — When 
the Chemist works by weight, what is he said to perfomii and what 

a 2 



84 QUESTIONS FOB EXAMINATION. 



if he do not work by weight ?-»— What is White Lead used for, 
what is its appearance when dry, and of what things does it consist ? 

How mach Carbonic Acid, and how much Oxide of Lead can 

be educed from 184 parts by weight of White Lead? Then 

what is the name of White Lead in the language of Chemistry ? 

Is Carbonic Add an element or a compound ? What is the 

derivation of the term Oxygen ? What is the derivation of the 

term Carbon ? ^What should yon particularly remember concern- 
ing the employment of the term Oxygen ?— — -What Is the deriva- 
tion of the term Gas, and what form of substances is it employed to 

denote ? What is the derivation of the term Yapour, and what 

Ibrm of substances is it employed to denote ? Give the derivation 

of the term condensation, and use such term in a concise answer 

regarding the distinction between Gas and Vapour. ^What 

quantity of Oxygen and of Carbon, by weight, can be educed fhmi 

22 parts by weight of Carbonic Acid? Of what things does 

Carbon consist, and as what does it rank in Chemistry ? What 

do you understand by the terms Proximate and Ultimate Elements, 

and from what words are the terms derived ? ^What are the 

Proximate and what are the Ultimate Elements of White Lead ? 
— ^When Elements or Compounds combine, what term is em- 
ployed to denote the act of Combination, what is the derivation of 

such term, and its literal and figurative meaning ? How many 

substances can be educed by Analysis, which resist any fkrther 

Analysis, and by what title are they designated ? What do you 

mean by the term Ponderable Elements ; state the derivation of the 
term, and the forms in which such elements are educed?— -How 
many Impcmderable Elements are known, and what are their 

names? What conclusion does Chemistiy teach you to draw 

from the study of the properties of the Ponderable Elements? 

What contrast can you draw between Alchemy and Chemistry ? 

I 

IV. AlJ>HABETICAI. List of Ei.EBI£NT8, and PRONUlVCIATIOIf ! 

OF TBEiK Names. 

Now go tlurough the Alphabetical List of the Elements, taking a 
few of the names at a time, and pronounce them as you have b^ 
instructed. 

V. Nature of the EleuentS, akd Debivations op tbeib 

Names. ' 

I shall now ask you questions concerning the Flfty-rix Elements 
individuaUy, and shall require you to give me the derivation of 

each of their names, where the derivation has been ascertained. 

What is AlunUnum, and from what is the name derived? 
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Note to the Teacher. 

CotUinue iha farm of the foregoing question^ nibttituHng^ of courtet 
for * cUuminuM ' the name of the element concerning which an antwer it 
required, and thm proceed, throughout the Alphabetical List, from para- 
graph 136 to paragraph 190. 

YI. OlJkSSinCATION OF Eleiiemts. 

As you have thus answered my questions regarding the names by 
which the elements are denoted, now tell me liow most of the 
elements are obtained. What elements are found naturally pure or 

native? How may the Elements be classifieds^ What are the 

names of the non-metallic Elementary Gases ? What are the 

names of the non-metallic Elementary Vapours ? What is the 

name of the only non-metallic Elementary Liquid ? What are 

the names of the non-metallic Elementary Solids? What is the 

name of the only metallic Elementary Liquid? How many 

solid metallic Elements are known? Do yon remember the 

names of the Metals, taking them in alphabetical order ? What 

are the most important elements ; and what are the Ck>mbustible 

and Incombustible Elements?* -How may the 56 Elements 

of Chemistry be compared to the 26 letters of the English Alpha- 
bet? 

Til. Eduction of Elemekts. 

What Agents are employed to discorer the Elementary or Com- 
pound nature of Substances ? If one substance resist, and another 

yield, to the power of these Agents, how are the substances denoted ? 
What Agents are preferred in Analysis, when their use is prac- 
ticable? What change does heat effect upon the solid Metal 

Lead ? Why does a Chemist endearour to ascertain the cause 



* Note to the Teacher. — This question may be subdivided 
in the following manner: — What are the most imi>ortant non- 
metallic elements ? What are the most important metallic ele- 
ments ? What are the non-metallie combustible elements ? 

What are the non-metallic incombustible elements? Are the 

metals combustible or incombustible elements? What non- 
metallic element will neither itself bum, nor aid the burning of 
other elements ? 

K.B. — The above will serve as an example how other questions 
may be subdivided if it be found necessary to the capacity of the 
pupil. 
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of trifling changes and appearances? •^-* What is the mean- 
ing and the derivation of the terms Philosopher and Science ? 

How is the Metal Lead supposed to be kept in « solid Ibnki ? » ■ ■ 
By what term is this attraction or force denoted ? > Give the 
meaning and derivation of the tenas Attraotiont Aggregation, and 

Cohesion. What substances are nnder the power of this Attrae* 

tion ? There are only fonr conditions or mechanical states in 
which substances occur, what are these, and what the power of 

Attraction, of Aggregation, or of Ck)he8ion in them? When 

JJead is exposed to sufBoient heat, how is that imponderable agent 
sup p osed to affect its Attraction of Cohesion ?•— ^When melted 
Lead is eooled, how is its Attraetion of Cohesion 'eflboted ?— »Wh«t 
Is the general eifoct of snAcieat heat upon Lead and other Metals ? 
^-^What are the two Metals that sufficient heat will change Ihmi 
the liquid state to that of Yapour ?•-.»- What happens if tkese 
Metallic Vapours be cooled?— —Then what do you infer to be the 
only power ot heat upon the Metals ? ■' Give the meaning and 
derivation of the term Deoomporition.-*-»-~With what term ia de> 
oomposition synonymous ? What happens when a lump of ioe 
Is placed near a fire ?— »>What takes place if the liquid water be 
placed to heat on a fire^«-^What happens when steam is con- 
densed huto liquid water, and when this liquid water is cooled by 
fkost^-^Does the water alTord any due to its actual oompoeltion 

during all these changes? Then what inference does the 

Chemist draw fh)m the results of these experiments upon water ? 
—Not having succeeded in effecting the decomposition or the 
analysis of water by heat, how does the Chemist next proceed to 

experiment? What is the Greek name of Amber, and what 

English name is derived from that Greek !name ? Sow does 

Electricity naturally display its extraordinary powers ? 

yilL EDucnoH or £]:.Eia5ifTt-»-Continned. 

Can the Chemist control the power of Electricity ?-— Some pon- 
derable Elements and Compounds permit the passage of Heat and 
Electricity, others do not, or retard the passage of both imponderable 
elements, then by what terms are the former and the latter denoted ? 
-^-Give the meaning and the derivation of the terms Conductors 
and Non-conductors.— Give me an example of a Conductor and 
a Non-conductor ; or, more correctly, an imperfect Conductor of 
Heat. — —What are the most perfect Conductors of Heat and 
Electricity, and what are Imperfect Conductors of these Agents ? 

* Note to the Teacher.— Some of the more scarce metals, 
for example. Potassium and Sodium, may be changed into Vapour. 
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—Why does an iron rod, attached to, or placed near, a building 
generally protect it from damage hy lightning ?^— — Is water a 
C!onductor of Heat ? — ^Tben how can water be boiled when placed 
in a oopper kettle upon a fire ^^-^Explain the meaning and the 

derivation of the term Ck>nTection. Is Water a Conductor of 

Electricity? — >-~If a lightning conductor be not perfect, or continu- 
pus throughout its entire length, what generally happens to the 
building that it is intended to protect during a thunder-storm?^—*- 
Qiye the meaning and the deriYation of the term Pisintegration ? 
•-«-^How does the Chemist reason upon the disintegration of 
building materials when the lightning striloM a faulty iron con- 
doctor?— ^— How does the Chemist arrange water, that it may 
interrupt or retard the passage of Electricity from one good con- 
ductor to another?' Take your slate and pencil: write the 

letters A W C. Explain what J have taught you they are to 
denote.— ^-What remarkable change does the water present around 
the platinum wires A and C ?~^-^^ these bubbles denote that the 

water is boiling and changing into steam ? Then what change 

does the Chemist infer to be taking place in the Water? You 

say that the water is decomposed by Electricity, and that the bubbles 
of gas at A and C are educed from the water ; tell me, is the gas at A 

of the same nature as the gas at C ? ^How is the difference between 

them experimentally proved ?—-*-What happens if the action of 

S^lectricity upon Water be prolonged fbr a sufficient time ? ^Do 

the Gases educed from Water admit of Analysis or Decomposition ? 
If they be mingled in the proportions in which they were educed, 
and a spark of Electricity passed through the mixture, what result is 
obtained by such experiment ?-^*— When Electricity enters the water 
at A, what is the name of the elementary gas educed ? Where Elec- 
tricity escapes from the water at C, what is the name of the Elementary 
gas educed ?•»<— State by what term the Decomposition of Water by 
Electricity is generally distinguished, and give the derivation of such 

term.— Is this Electrolysis an uncertain process ? What element 

is educed where Electricity enters, and what element 19 educed where 
it escapes ftom, water ?— *— What are the respective quantities, by 
measure, of the elements educed from water ? What are the re- 
spective weights of the measures of the elements educed from water, 

and in what weights will they combine to produce water? As 

water admits of decomposition it is no longer called an Element, 
then what is its true Cheniical designation ?^-— What was my 
object in selecting the eduction of the Elements Oxygen and 
Hydrogen ? 

IX. EDUCTIQ17 OF Elements— Continued, 
What are the effects of Heat and Electricity upon the an* 
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dent element Air? Then, as these Imponderable Ageits have 

no power of separating Air into two or more substances, how 
does the Chemist endeavour to effect a separation of its principles ? 

^A bright iron nail is made red-hot, it soon tarnishes ; what 

does the Chemist suspect to be the cause of its tarnishing ? 

What metal will tarnish by heat more remarkably than iron ?" — 
What result is obtained when liquid Mercury is sufficiently heated 

in a certain measure of confined air? ^With what object did the 

Alchemists heat Mercury in Air, and what did they imagine to be 

the change sustained by that Metal? What is the reasoning of 

the Chemist upon the result of heating Mercury in Air ? Is the 

entire measure of the original air concerned in the change of the 
liquid brilliant Mercury into the form of the solid red substance ? 

What effect has the remaining portion of aeriform substance 

ui>on the flame of a taper? Is the aeriform substance an element, 

can it be educed from another source ? Give the name of this 

other source ; explain the meaning and the derivation of the term 
by which this aeriform element is denoted. Then, by the pon- 
derable element Mercury, under the influence of the imponderable 
element Heat, the Chemist has educed the ponderable gaseous 
element Nitrogen from Air, what does he imagine to have become of 

the other element of the air ? How does the Chemist proceed to 

analyse the red compound to educe the other element of the Air 
which he suspects it to contain?— Can the metal Mercury be 
boiled when sufficiently heated ? What happens if the red com- 
pound be heated to a greater degree than is required for boiling 

elementary Mercury ? ^You say that it is decomposed by heat, 

and that liquid Mercury and an aeriform substance are educed ; 
now tell me the name of this aeriform substance. YThen Nitro- 
gen and Oxygen, the former directly and the latter indirectly, 
educed from Air by this analysis are mingled together, in what 

manner is the flame of a taper affected by such mixture ? Then 

what does the Chemist infer to be the true nature of Air? In 

what proportions, by weight, are the Elements Nitrogen and 

Oxygen naturally mixed to constitute Air ? What is the nature 

and the correct name of the red compound produced during the ex- 
periment that you have described ? Why does the bright iron 

nail tarnish in the flre, and what is the correct name for denoting 

such tarnish? What conclusion does the Chemist draw from 

the analysis of Water and of Air? What has the Chemist 

proved to be the true nature of rocks, stones, and soils which consti- 
tute the ancient Element Earth? In common with Water, Air, 

and Earth, Fire was anciently called an Element : tell me, does 

Fire merit such title? The metallic elements which are not 

found naturaUy pure, or native, with what non-metallic elements are 
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they usually naturally combined, and how are they educed from 
such combinations ? What is the process generally called ? 

X. Weights of the Elements. 

Can the Chemist collect and weigh the invisible element Hydrogen ? 
D oes the Chemist find it to be a heavy or a light substance ? 
-As Hydrogen is found to be the lightest substance, by what 



number or word is it denoted ? What is the object of denoting 

Hydrogen as 1, or unity ? When I say 1, 2, 3, 4, 6, or any other 

number of parts, what parts do you understand that I mean ? 

Take your slate and pencil, write down ' 1 part of Hydrogen,' then 
the number of parts of Oxygen with which it will combine ; and 
then the number of parts of Lead with which such Oxygen will 

combine. Add the parts of Hydrogen and Oxygen together, and 

the parts of Oxygen and Lead together, and tell me what these 

sums respectively represent. When elements combine in more 

than their smallest parts or weights, what is discovered regarding 

the additional weights ? Give an example, or examples, of this 

fact. Why does the Chemist adopt the foi-egoing method of 

expressing the weights of elements and compounds, in preference to 

that of a per centage statement ? Take your slate and pencil, 

and write down the names of the elements which are of the most 
common occurrence, yet of the greatest importance, and write 
after the name of each element its smallest combining weight. — ; — 
Can the Chemist produce Primary and Secondary Compounds from 
the union of any weights of their elements that he may choose 
to employ ? 

XI. Utility op Chemistry. 

State the importance and utility of a knowledge of these facts re- 
garding combination. Can the wonders of the Creation be inter- 
preted by the Science of Chemistry? What does Chemistry teach 

you regarding the various rocks and stones of the surface of the Earth ? 

What does Chemistry teach you regarding the treasures beneath 

the surface of the Earth ? ^What does Chemistry teach you regard- 
ing the Mineral called Coal? What Compounds are produced 

diuing the burning of Coal in a common fireplace ? What is ob- 
tained when Coal is heated red-hot in an air-tight apparatus? 

^How does Chemistry instruct yon to produce colourless glass ? 

How does Chemistry instruct you to produce coloured glass? 

Name the compounds which have the property of colouring 
glass.— -*How is colourless glass rendered valuable to the astro- 
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nomer wA the ni^tinraliit ?^-^What tubstanoes does GhenMstry 
point out M tdaptod for the production of white earthenw«i*e or 

pottery ? How are yessels of pottery rendered fit for containiDg 

water and other liquids? ^What compounds are employed for 

colouring pottery, and for painting on porcelain ? D oes Chemis- 
try contribute assistance to the arts of dyeing and calico printing ? 
'■What is the name of the non-metallic yapour that is educed 

iVom common Bait?— Will this Element affect dry colours? 

Yet it is employed in the modem art of bleaching: state how it 

proves serriceable for such purpose ? Can Adds be generated 

without the presence of Oxygen? If you are closely shut 

up in a small room, why do you soon become ftiint and languid ? 
What change takes place in the air during the act of breath- 
ing? What are the elements of animal bodies? What Com- 
pound is produced, and what Element is educed, during respiration ? 
A re these things hurtfttl or harmless ?-~— What compound is 

produced during the burning of Charcoal in the air? What 

would be your fi&te, or that of an animal, if closely shut up in a oon- 
flned portion of air ? 



XII. Utiijtt of CHEHiSTBT-^Concluded. 

Can any artificial mixture of gases, besides Oxygen and Nitrogen, 

be substituted as a medium for supporting resj^ratlon ? If the 

Gases which, in a state of mixture, constitute health!^ air were 
excited to exert affinity and combine, what would be produced ? 

How does Chemistiy lead you to reflect with gratitude upon the 

goodness of the Creator of the air ? How is air which has been 

contaminated by the act of respiration restored to its original 

purity ? What are the Elements of the vegetable kingdom ? 

Is Charcoal produced, or educed from wood by the heat of a dull 
five ?-..*.8tate what happens when wood is heated in a dull fire. 
— *— From what source does a growing tree derive the Carbon that 
is contained in wood ^-*-~Then Air must contain other things 
besides the Elements Oxygen and Nitrogen : if so, what are those 
things ?^— ^Now state more fully how growing vegetables derive 
their Carbon, and restore the purity of the air.-^«*What does 
Chemistry teach you regarding the waters of the spring, the brook, 
the river, and the torrent ?-'<-^What does Chemistry pronounce to 
be the cause of the salt and bitter taste of the waters of the ocean? 
»-— What does Chemistry point out regarding the structure of shells 
and corals ?<*<->What can Chemistry educe ftom the ashes of 
•ponges and sea-weeds ?^— Is absolutely pure water naturally 
presented ?.— ^What impurity is found in rain-water, and what 
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impmity in spring and river water? Wliat compoond is always 

discovered in water that is fit for beverage ? Explain the process 

by which water may be obtained absolutely pure. State the term 

by which such process is denoted, and give also its derivation. 

How does Chemistry supply a moving agent or power for the steam- 
engine ? How is Chemistry of assistance to Medicine ? — ^How 

have all the foregoing facts been discovered ? 



THE END. 
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